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Public Reaction to Nonmilitary Aspects 


. of Atomic Energy 


Elizabeth Douvan and Stephen Withey 
Survey Research Center, University of Michigan, Ann Arbor 


NY EFFORT TO DISCUSS or analyze pub- 
lic reaction to peacetime uses of atomic 
energy is severely limited by the paucity of 
empirical research available. Kay and Gitlin 

have pointed out that of all survey questions devoted 
to the area of atomic energy, small indeed has been 
the number inquiring into opinions and attitudes on 
peaceful applications. At the time of their review 
of questions used by national polling organizations 
(1948), war-related questions outweighed those ori- 
ented toward peaceful applications by approximately 
18 tol (1). : 

This distribution of question content is revealing. 
The emphasis on the atomie bomb and other weapons 
cannot be narrowly attributed to the interests or 
aggressive needs of pollers. It reflects an accent detect- 
able in our entire society—in the press and other com- 
munication channels, in budget allocations, in state- 
ments of government leaders and other official pro- 
nouncements, and in the discussions of laymen. Where 
atomic energy is concerned, the bomb is central. This 
fact is not surprising. Born in war, the field of atomic 
energy has grown up in times of troubled peace. Re- 
search and development emphasis, consequently, has 
concentrated on weapons. No peaceful use of nuclear 
power has approached the drama and significance of 
the bomb. 

However, it is important to assess the public re- 
sponse to the less publicized peaceful aspects of 
atomic energy. Hopefully, we may predict that man 
will arrive at some means by which to handle, albeit 
precariously, the threat implicit in the development. 
In this event its other side, the constructive side, will 
move upstage and will demand certain unique societal 
adjustments. The successful introduction of any new 
technological development depends in some measure 
on the receptivity of the public and special groups. 
It is important then to gather our limited data on 
public thinking about nonmilitary uses of atomic 
energy and attempt to draw from them an under- 
standing of how the population at large reacts to this 
phenomenon. 

What we have learned relates to two distinct but 
interrelated questions: 

What is the state of public thinking about the broad 
discovery of atomic energy and its nonmilitary uses? 
What are some of the factors which account for a 
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pessimistic negative evaluation of atomic energy by a 
sizable minority of the population? 


Pustic THINKING Anoutr ATOMIC ENERGY 


In assessing popular thinking about a new phe- 
nomenon, there are a number of facets to be con- 
sidered. These may be phrased as a series of ques- 
tions: How much do people know about the topic? 
How interested are they in it? Do they feel generally 
optimistic or pessimistic about it, that is, do they 
evaluate it positively or negatively? 

The study from which the findings in this section of 
our report are drawn had as a major objective the 
comparison of attitudes in atomic installation com- 
munities with attitudes found in similar noninstalla- 
tion communities (2). The sample required for this 
purpose is at most representative of Americans living 
in small and middle-sized cities. Since, however, it in- 
cludes individuals geographically proximate to atomic 
energy plants, it seems reasonable to assume that this 
group should have at least as much information about 
the topic as a cross-section sample of the nation. 

It is not surprising, in view of the relatively modest 
and specialized peacetime developments of atomic 
energy, that available data reveal the lay population 
to be ill-informed about atomic energy apart from the 
atomic bomb. About two-thirds of the people inter- 
viewed reported having heard of atomic energy in 
connection with something other than the bomb, but 
their knowledge was fragmentary. One person in five 
either “denied any impression that there were other 
uses than the bomb (or) did not report the vaguest 
concept of even general areas in which atomic energy 
could be used in peacetime” (3). 

Among the two-thirds who knew of some nonmili- 
tary use, very few mentioned more than one applica- 
tion. The most frequent was power, a characteristic 
quite readily associated with its military use. This ap- 
plication took various forms, however, sometimes al- 
luded to as a source of power or energy, sometimes 
as a source of heat, or as fuel and motive power. Al- 
most three-quarters of the group reported knowledge 
of this use. Medical purposes were mentioned with 
secondary frequency. About one-half alluded to them. 
Minor emphasis, less than one-tenth in each case, was 
given to agricultural, industrial, and scientific uses of 
atomic energy. 
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In answer to a question regarding what atomic 
energy is or what it is like, about one person in four- 
teen was able to give an informed response. Almost 
half the respondents said simply that they did not 
know (4). 

In summarizing the section of their investigation 
dealing with information, the authors of this study 
concluded (5): 


The field of atomic energy seemed to exist as bits of in- 
formation, varying interests and reactions that related 
to one or another specific uses, problems, or policies. It 
clearly did not exist as a rather well-structured phenome- 
non that fitted within a relatively well-defined area of in- 
terest for the overwhelming number of .. . respondents (3). 


Nor does there seem to be much hope that this popu- 
lation will gain additional information about atomic 
energy or peaceful uses in the near future. Half of 
the respondents answered negatively when asked “Do 
you think that the average individual can understand 
enough about atomic energy to make it worth while 
to read things about it?” (6). 

The amount of knowledge people have about a sub- 
ject is indirectly a measure of the amount of interest 
the subject holds for them, since information-seeking 
demands interest. Having observed that people have 
very meager knowledge of nondestructive atomic de- 
velopments, we might expect to find that they are also 
relatively uninterested in these developments. This is, 
in fact, what the survey results disclose. 

Half of the respondents in this study reported feel- 
ing indifferent toward information about atomic en- 
ergy when they came across it in their reading (7). 
Only about 10 per cent reported discussing atomic 
energy with family or friends more than “once in a 
while.” Half said they rarely or never did (8). When 
asked whether there was anything about the subject 
they wondered about (in addition to information they 
already had), about half of those questioned were 
“disinterested in further data about atomie energy.” 
Only one in six respondents both wanted more infor- 
mation and had some notion of where it might be ob- 
tained (an indication of at least minimal action re- 
sulting from the stated interest) (9). 

From these findings it does not appear that the 
development of atomic energy and the allegedly revo- 
lutionary social and economic changes which it por- 
tends have captured the imagination or stimulated the 
curiosity of the majority of the lay population. The 
authors of this study found that “at this time involve- 
ment with the atomic energy process is restricted to 
the upper socio-economic and relatively well-educated 
groups in the population” (10). They conclude that 
nonmilitary aspects of atomie energy have not been 
made salient or meaningful for the bulk of the popu- 
lation because they have not been tied in any way to 
their own interests. This conclusion was equally ap- 
plicable to residents of installation and noninstalla- 
tion areas and indicates that the lack of salience of 
the subject of atomic energy is not simply a matter 
of geographical distance from the development. 
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What are the attitudes of people toward the devel- 
opment of atomic energy? Despite their lack of infor- 
mation and personal interest in the peaceful applica- 
tions of atomic energy, it is encouraging to find that 
most people recognize, #t least superficially, the po- 
tential importance of the field, and that they are gen- 
erally optimistic about the eventual good which it will 
produce. 

When asked “How important do you think it will 
be for those young people (of high school age) to 
understand atomic energy?” some 75 percent of the 
respondents revealed that they consider atomic energy 
to be of significance for coming generations (11). 
Nearly 60 percent thought that, “considering all its 
uses in peace and war,” we will be better off for hav- 
ing discovered atomic energy. Only about one person 
in five was definitely negative about the development, 
with the remaining group uncertain or neutral in their 
reactions (12). 

We are now in a position to give a tentative answer 
to the first of the two questions asked at the begin- 
ning of this article: What is the state of public think- 
ing about the broad discovery of atomic energy and 
about its peacetime uses? We have seen that laymen 
are in general uninformed and uninterested in the de- 
velopment, but that nevertheless most people are op- 
timistie and have generally positive feelings about it. 


THE Pessimistic EVALUATION OF ATOMIC ENERGY 

The question remaining is: What factors account 
for negative or hostile reactions to the development, 
where they do occur? The importance of this question 
is not diminished by the fact that the majority of re- 
spondents are hopeful and positive in their evalua- 
tions. The proportion of respondents who hold a pes- 
simistie view is still sizable. Understanding the basis 
for such a reaction may aid us in counteracting it or 
in preventing its spread. 

A recent survey, sponsored by the Phoenix Me- 
morial Fund of the University of Michigan, yielded 
some information relevant to this problem (13). In 
this study a representative sample of the Detroit labor 
force was questioned about atomic energy, in addition 
to other things. Among the questions asked was the 
same general evaluation question referred to in the 
previous discussion. People were asked to consider 
both wartime and peacetime uses of atomic energy, 
and to judge, in this context, whether we have gained 
or lost by the discovery. Again a majority felt posi- 
tive toward atomic energy, and a minority felt that 
we would have been better off had it not been dis- 
covered. 

An effort was made to establish factors that differ- 
entiate these two groups, and certain significant find- 
ings appeared. 

The most important difference appeared in a vari- 
able termed “feeling of effectiveness.” Negative reac- 
tions to atomie energy were most frequently given by 
people who were characterized by a feeling of power- 
lessness in public affairs. Confronted with the issue of 
atomie energy, with its threatening as well as con- 
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structive potential, they felt unable to handle the 
threat or even to contribute to its solution. Feeling 
unable to face the danger implicit in atomic develop- 
ments, they tended to turn away from the entire field. 
They had fewer ideas about the topic than more effee- 
tive people, and they were more likely to withdraw 
from the topic and wish that atomic energy had never 
been invented. 

People who evaluated atomic energy positively, on 
the other hand, were marked by a high degree of psy- 
chological effectiveness. In response to questions about 
atomic warfare, they gave mainly two kinds of re- 
sponse. Either they recognized the danger but felt that 
something could be done about it, or they felt that 
there was no danger of atomic war and gave relatively 
well-thought-out and logical rationales for this judg- 
ment (indicating that they had faced the threat, but 
had concluded that it was not as great as originally 
conceived). In both eases, the danger was handled in 
a relatively realistic manner. These people were able, 
then, to look beyond the bomb to some of the con- 
structive possibilities of atomie energy. Unimpeded by 
disorganizing fear, they were able to evaluate the dis- 
covery as a useful step in man’s progress. 

It was found, further, that there was a significant 
relationship between a feeling of effectiveness in pub- 
lie affairs and security feelings with respect to one’s 
personal life. Those who were able to deal realistically 
with public affairs were also likely to feel satisfied 
with their own lives, confident about the future, and 
in control of their own futures. Ineffective people were 
likely to feel iess in control and less optimistic con- 
cerning their day-to-day lives. 

Two conclusions seem justified by these findings. 
The first has to do with the spread of nonreceptive, 
negative attitudes toward new atomic innovations. 
Since it appears that those who hold such attitudes 
are something like chronic pessimists, we may sug- 
gest that atomic energy is not creating unique negative 
reactions. People who are ordinarily secure and con- 
fident are not suddenly given to defeatism and fearful 
antiprogress sentiments when atomie energy is intro- 
duced. This means that a rapid spread of negative 
attitudes is not a probable danger. 

The second conclusion relates to the problem of 
counteracting pessimism and nonreceptive attitudes 
where they do exist. The frightened people who hold 
such a position are relatively unable to distinguish 
between the good and the destructive sides of atomic 
energy. In helpless fear of the threat aspect, they con- 
found the two sides and wish to undo the entire devel- 
opment. Presumably, if the threat of atomie war sub- 
sides in the world, these people will be able to look at 
atomie energy more realistically and will be more re- 
ceptive to new innovations. Meanwhile, educational 
steps can be taken to help them differentiate more 
clearly between peacetime and military uses. Empha- 
sizing constructive applications and clarifying their 
relation to the interests and experiences of the average 
person might go a long way toward building support 
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for the new field and even toward helping ineffective 
people to place the danger elements themselves in a 
more realistic perspective. If it becomes clearer that 
good will be achieved by atomic energy, it may help 
this group to face the threat itself as a necessary con- 
dition for obtaining equally large benefits. 

To summarize, the development of atomic energy, 
up to this point, has been tied largely to wartime needs 
and military demands. Peaceful applications have 
been comparatively modest and exceedingly special- 
ized. Their consequences have not directly entered the 
life of the average citizen. His automobile is not run 
by atomic power; atomic power has not changed his 
job, his diet, his house, or his recreation. 

In view of this lack of immediacy, it is not surpris- 
ing to find that most people know very little about 
atomic energy and its peaceful uses. Even their lack 
of personal interest in the subject is more understand- 
able when we consider this unreality. In addition, the 
public has not had access to much information. The 
press and other communication media have played up, 
for obvious reasons, the drama of the bomb rather 
than the less spectacular peacetime applications of 
atomic energy. 

We often expect that events that are unknown and 
outside the mainstream of people’s interests, if they 
are also major innovations, may be somewhat awesome 
and even frightening to people. While there is some 
indication that people are awed by the technical na- 
ture of atomic energy, there is relatively little indica- 
tion that they are fearful and negative about it. A 
substantial majority is able to handle the danger im- 
plicit in atomie energy and feels optimistic about 
peacetime uses. 

In cases where individuals are fearful and negative, 
their reactions appear to stem from personal inseeur- 
ity rather than from the unique impact of atomic 
energy. Depending, as it appears to do, on elements 
of individual inadequacy, this pessimism toward the 
development is not likely to spread quickly through 
the general population. Also, there is some hope that 
the attitudes of the negative minority ean be influ- 
enced by effective educational efforts emphasizing the 
constructive aspects of atomic energy. 
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Metals for Reactor-Core Construction’ 


Henry A. Saller* 
Battelle Memorial Institute, Columbus, Obio 


ITH THE ADVENT of the atomic en- 

ergy program, the materials engineer 

was faced with many new and trying 

problems. A new criterion, that of nu- 
clear properties, was added to the usual consideration 
of physical and chemical properties. Frequently the 
materials engineer found that nuclear properties over- 
ruled all other considerations, even cost. This new con- 
cept plagued him even in unexpected cases. He found 
that items such as steel which were normally con- 
sidered stock items sometimes contained traces of 
boron and other high-cross-section elements. No mate- 
rial could be accepted at face value. 

As the program developed, it was found that most 
of the materials which could be used in atomie energy 
applications were either extremely rare or had to be 
in a highly purified state. To grasp the problem that 
faced the materials engineer, let us consider the state 
of development in 1940. Uranium was a laboratory 
curiosity. Some of its ores had been mined primarily 
to obtain the radium that occurred with it. Very small 
quantities of metal of questionable purity were being 
produced by either the reduction of the oxide or fused- 
salt electrolysis. The situation on thorium was a little 
better as considerable quantities of oxide had been 
produced for gas mantles and small quantities of 
metal had been produced. The processes in use, how- 
ever, were far from adequate for large-scale produc- 
tion of high-purity material. Beryllium and zirconium 
had been produced in various degrees of purity but in 
very limited quantities. 

It is obvious that remarkable developments have 
been made in the field of reactor materials during the 
past ten years. In discussing the status of various re- 
actor materials, it is desirable that they be broken 
down into classes. For this presentation, I would 
choose to divide them by their function in a reactor. 
The classifications are fuels, cladding and structural 
materials, moderators, and control materials. 

The fuel or fissionable material is essential to the 
operation of a reactor. For our purposes, we will con- 
sider uranium, thorium, and plutonium as fuels. In 
the strict sense, thorium is not a fuel, per se, but is 
included since it can be converted to a fissionable 
material. 

Uranium is the basic fuel material for reactors. Any 
reactor must contain either one of the fissionable iso- 
topes of uranium, or plutonium, which is itself made 
from uranium, Although uranium has been considered 
extremely rare, it does make up 0.0004 percent of the 


1 Based on a talk given at the 1953 Conference on Nuclear 
Engineering at Berkeley, Calif., Sept. 9-11, 1953. 

2Chief, Reactor Metallurgy Division, Battelle Memorial In- 
stitute, Columbus, Ohio. 
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earth’s crust. This is more than such metals as cad- 
mium, bismuth, mercury, and silver, which are not 
considered rare. Uranium is found in various types of 
rock as a great variety of minerals. The highest con- 
centrations oceur in igneous rocks; sedimentary rocks 
(sandstones) contain about half as much. Uranium 
has been found in sea water, river water, and in living 
organisms. Pitchblende is the richest uranium mineral, 
whereas the major production comes from carnotite 
or roscoelite. The uranium content of these latter min- 
erals is usually quite low. 

Through a variety of chemical treatments, the uran- 
ium-bearing minerals are extracted and purified to 
produce a high-purity uranium trioxide. Uranium 
metal has been prepared by several methods. In 1789, 
Klaproth reduced UO, with carbon, obtaining what 
was then considered to be uranium metal. Peligot 
showed in 1840 that Klaproth’s product was UO, and 
succeeded in preparing the metal by the reduction of 
UCI, with potassium. A number of investigators pro- 
duced small quantities of uranium metal powder on a 
laboratory scale by four methods: (1) reduction of 
uranium oxide with carbon; (2) reduction of uranium 
oxides with aluminum, calcium, or magnesium; (3) 
reduction of uranium halides with alkali metals or 
alkaline earth metals; and (4) electrolysis of uranium 
halides. 

More recently, efforts have been concentrated on the 
reduction of oxide or halides with the alkali metals, 
or the electrolysis of uranium halides. Uranium pow- 
der of a high degree of purity is produced rather 
easily by treating uranium metal with hydrogen at 
about 450° F to form the hydride. This hydride is 
then decomposed by heating in vacuum at around 
900° F, 

Since the uranium produced by any of the methods 
is not in the proper massive shape for fabrication, it 
was necessary to develop methods for melting and 
casting into conventional ingots. This problem was 
made more difficult by the high chemical reactivity of 
uranium with the atmosphere and with most ceramic 
crucibles. Considerable effort was expended in the de- 
velopment of furnaces which would permit the melt- 
ing and casting of uranium without its being in con- 
tact with the atmosphere. The solution of the crucible 
problem also required much work. 

In general, uranium is a reasonably well-behaved 
metal. It ean be forged, rolled, swaged, or drawn into 
any number of shapes including plates, rods, tubes, 
wire, and thin foils. The only problem in its fabrica- 
tion is caused by its chemical activity with the at- 
mosphere. This makes it necessary to heat the metal 
in a protective atmosphere. The chemical activity of 


Sorence, Vol. 119 


u 
b 
tl 
h 
| 
Age 


uranium makes joining of uranium by welding or 
brazing troublesome but not impossible. Here again 
the use of vacuum or protective atmospheres during 
heating is helpful. Uranium is only moderately diffi- 
cult to machine. The chief problem lies in its chemical 
activity. Proper lubricants and coolants are needed to 
prevent excessive burning of the metal. As might be 
expected, the corrosion resistance of uranium in most 
media including air and water is very poor. This has 
led to considerable interest in protective coating by 
electroplating or other techniques. A large number of 
metals ean be plated on uranium from conventional 
plating baths. 

Considerable work has been done on the physical 
and chemical properties of uranium. Some of the im- 
portant data are shown in Table 1. Frequently, the 
physical and chemical properties of a metal can be 
improved by alloying. In the case of an enriched re- 
actor fuel, it is also advantageous to make use of an 
alloy to dilute the concentration of the fuel. For these 
reasons, a large number of uranium-alloy systems 
have been investigated. As one might expect, a number 
of types of constitutional diagrams are encountered. 
In Fig. 1 is shown the uranium-aluminum system. It 
is quite complicated and has several compounds. Simi- 
lar systems are developed with beryllium, bismuth, 


TABLE 1. Properties of uranium. 
Density near 20° C, g/em* 19.1 
Melting point, °C 1133 
Boiling point, °C 3900 
Specific heat near 20° C, cal/g °C 0.028 


Coefficient of linear thermal expansion, 
per °C 


Direction parallel to axis 
25°-125° C 25°-325° © 25°-650° C 


a 21.7 26.5 36.7 
b - 15 - 2.4 - 93 
e 23.2 23.9 34.2 
Volume coefficient 45.8 48.6 61.5 
Thermal conductivity near 20° C, 
eal/see em °C 0.060 


Electrical resistivity, microhm-em—25-50 (25° C) 


Allotropie transformations, °C 


Heating a-B 663 
B 764 
Cooling 762 
p-a 660 


Crystal structure 
alpha, orthorhombic 
beta, tetragonal 
gamma, body-centered cubic 


Average Tensile Properties of Alpha-Rolled, 
Alpha-Annealed Material 


Yield 
Test strength Ultimate Elon- 
temp., (0.2% strength, gation, 
oF offset) , psi % 
psi 

Room 25,000 90,000 13.5 
570 18,900 32,000 43.0 
930 6000 10,000 57.0 


Young’s modulus, psi 30 x 10° 
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TEMPERATURE, °C 


ALUMINUM, weight per cent 


2000 701 45 315 
T 
3000 
1590° 
Liquid 
+ 
1350° 
val 
val, a 
Val, w 
765° 
+ 
750 
| B + val, val, 
41000 
$00 + UAL, +L - 
$ + al 
| 
VAI, + UAI, 
| | 
° 
° 20 40 60 80 100 


ALUMINUM, atomic per cent 


Fig. 1. Uranium-aluminum constitutional diagram. 


carbon, cobalt, copper, iron, lead, manganese, mer- 
eury, nickel, oxygen, silicon, and tin. In Fig. 2, the 
uranium-vanadium system, we have the other extreme, 
a simple eutectic system with little solid solubility. 
Chromium forms a similar system. Molybdenum, nio- 
bium, titanium, and zirconium show extensive solid 
solubility at elevated temperatures and contain no 
true compounds. Tantalum and tungsten form a peri- 
tectic-type system, whereas thorium forms a mono- 
tectic. 

Thorium is considered as a secondary reactor fuel 
sinee it will, during irradiation, absorb a neutron and 
become U*** which is in itself fissionable. By this 
mechanism known as breeding, we might be able to 
increase our supply of nuclear fuel. Thorium is found 
principally as the oxide in monazite sand. Chemical 
methods simiiar to those employed for uranium are 
used to prepare high-purity oxides or halides of thor- 
ium. These compounds are reduced to metal by the 
techniques previously described for uranium. For 
some special purposes requiring high-purity metal, 
the deBoer iodide process has been used. In this 
process, thorium tetraiodide is thermally decomposed 
on a heated filament. The process is carried out inside 
a sealed tube. The product is a loosely knit erystalline 
product which is then are melted. The melting of thor- 
ium, like uranium, has offered considerable difficulty. 
The higher melting point of thorium has made the 
crucible problem even more difficult. 

Thorium fabricates very well. It can be worked by 
a variety of methods either hot or cold. It is very 
ductile and permits large reductions before requiring 
annealing. Thorium has been forged, rolled, swaged, 
extruded, and drawn to produce rods, sheet, thin- 
walled tubes, fine wire, and thin foils. Again the chem- 
ical activity of the metal dictates heating in a protee- 
tive atmosphere or salt bath. Welding of thorium has 
been only partly successful. In addition to the atmos- 
phere problem, the metal seems to be sensitive to small 
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Fig. 2. Uranium-vanadium constitutional diagram. 


amounts of impurities. Furnace brazes, when they 
have been produced, are brittle and unreliable. The 
machining characteristics of thorium are similar to 
those for mild steel. Coolants are desirable but not 
essential. Thorium, like uranium, has poor corrosion 
resistance. In general, it is somewhat better than 
uranium. Protective coatings are desirable and can be 
obtained easily by electroplating. Data on the phys- 
ical and chemical properties of thorium are given in 
Table 2. 

Because uranium and thorium are neither corrosion 
resistant nor very strong, it is necessary that another 
metal be used either for cladding or support. The same 
metal is likely to be used as the principal structural 
material for the reactor core. In addition to the usual 
requirements of structural materials, such as adequate 
strength, fabricability, thermal stability, and satis- 
factory corrosion resistance, we must add nuclear 
properties. 

The number of metals suitable for structural use 
in thermal reactors is severely limited since only alu- 
minum, beryllium, magnesium, and zirconium have 
thermal-neutron-capture cross sections of less than 0.5 
barn/atom. Of these metals, aluminum and magnes- 
ium are certainly well-known commercial metals, and 
their production and fabrication warrants no further 
discussion. Beryllium and zirconium, both considered 
rare and exotic, deserve some consideration of their 
production techniques. 

Beryllium is a very light white metal which has be- 
come well known for its toxicity and unexplained 
poor ductility. Its high melting point, low capture 
eross section, and good moderating qualities make it 
a promising reactor material. These are offset by poor 
ductility, erratic corrosion resistance, and considera- 
tions of health. Although beryllium exists in approxi- 
mately thirty minerals, only one is of commercial im- 
portance. This is beryl, a beryllium aluminum silicate 
which usually contains from 8 to 14 percent of 


beryllia. The beryl ore is treated chemically to pro- 
duce beryllium fluoride. This is then reduced to metal 
by either calcium or magnesium. 

The product of the reduction process is a pebble or 
lump which must be reprocegsed for further fabrica- 
tion. It can be vacuum melted to form massive ingots 
or treated to form powder. The melting and casting of 
beryllium have not been completely satisfactory. The 
ingots produced are likely to contain nonmetallic im- 
purities and do not produce good finished shapes. 
Powder metallurgy has been developed to such a point 
that most of the billets for further fabrication are pro- 
duced by this method. 

Beryllium does not fabricate easily. It has been ex- 
truded to form various shapes. Hot forging and rolling 
are usually done in a steel jacket. Cold working is 
difficult. In spite of its poor fabricability, a rather 
large number of shapes have been produced. Beryllium 
ean be joined by either welding or brazing. The tech- 
niques are complicated by the rapid oxidation of the 
metal in the atmosphere. The machining of beryllium 
is made difficult by its tendency to surface damage. 
Cracking can occur below the surface unless great 
eare is exercised. The corrosion resistance of beryllium 
in air and water is poor. It is not as bad as uranium 
or thorium, however. Considerable effort has been 
placed on electroplating. Once the surface has been 
chemically cleaned, plating with copper, nickel, zine, 
tin, iron, or silver is quite feasible. 

At the present time, zirconium with its low thermal 
cross section, excellent corrosion resistance, good me- 
chanical properties, and good fabricating qualities is 
the leading cladding and structural material for ther- 
mal reactors. It is interesting to note that zirconium 
has not always been regarded so favorably. All zir- 
conium ores contain small amounts (0.5-3%) of haf- 
nium which is not removed during ordinary production 
of the metal. The high cross section of hafnium caused 
the values for zireonium to appear high also. It was 
only after a sample of pure zirconium was prepared 
that its low cross section was demonstrated and a great 


TABLE 2. Properties of thorium. 


Density near 20° ©, g/em* 11.71 
Melting point, °C 1690 


Boiling point, °C > 3000 
Specific heat near 20° ©, eal/g °C 0.028 
Coefficient of linear thermal expansion 

near 20° C, 10* per °C 11.15 
Thermal conductivity near 20° C, 

eal/see em °C 0.09 
Electrical resistivity, microhm-em 18 


Crystal structure, face-centered cubic 


Average Tensile Properties of Alpha-Rolled, 
Alpha-Annealed Stock 


Yield 
Test strength Ultimate Elon- Young’s 
temp., (0.2% strength, gation, modulus, 
°F offset), psi % 10° psi 
psi 
Room 27,000 37,500 40 10 
570 12,000 22,000 38 8 
930 9500 17,000 50 7 
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TABLE 3. Physical and chemical constants of aluminum, beryllium, magnesium, and zirconium. 
Property Aluminum Beryllium Magnesium Zirconium 
Thermal-neutron-absorption cross section, barns/atom 0.215 0.009 0.059 0.18 
Density near 20° C, g/em* 2.699 1.85 1.74 6.5 
Melting point, °C 600 1315 650 1845 
Boiling point, °C 2327 2970 1120 
Specifie heat, eal/g °C 0.215 0.43 0.25 0.069 
Coefficient of linear thermal expansion, 10° per °C 23.8 11.6 26 5 
Thermal conductivity, cal/see em ° 0.50 0.38 0.38 0.057 
Electrical resistivity, microhm-em 2.655 5.9 4.46 41 
Crystal structure FCC CPH CPH CPH 


boom in popularity was started for this once rare 
metal. 

Zireonium oceurs in a number of minerals which are 
widespread over the earth. The principal commercial 
sourees of zirconium are zircon (ZrSiO,), zircite 
(ZrO.), and baddeleyite (ZrO,). All ores contain haf- 
nium, generally in amounts from 1% to 3 weight per- 
cent, but some contain as much as 20 weight percent. 
The principal problem in the production of zireonium 
metal is the hafnium removal. After much effort, sev- 
eral methods have been developed that produce a high- 
purity low-hafnium oxide. To produce metal, the oxide 
is chlorinated either with CCl, or by mixing with 
earbon, pelletizing, and treating with chlorine at ele- 
vated temperatures. The chloride is purified by distil- 
lation and reduced by magnesium. The product is a 
slightly porous sponge. 

Sponge zirconium ean be further refined, using the 
deBoer iodide process. In this process the sponge is 
converted to zirconium tetraiodide, which is then ther- 
mally decomposed on a heated zirconium filament. 
This operation removes oxygen, nitrogen, and magne- 
sium. As the quality of zirconium sponge has im- 
proved, more emphasis has been placed on direct melt- 
ing and casting. A high degree of chemical activity 
again rules out conventional melting methods. Two 
methods, vacuum-induction melting in a graphite eru- 
cible and are melting in a water-cooled copper crucible 
are used successfully. For some time, induction melting 
was preferred. The high carbon content of such metal 
has led to development of better are melting tech- 
niques. Are melting is now the leading method. For 
are melting, the sponge is pressed to form square bars 
which serve as the consumable electrode. The metal 
is melted in a direct-eurrent are which is maintained 
between the electrode and the molten bath. The molten 
bath is contained in a water-cooled copper crucible. 

Zirconium is very ductile and ean be fabricated 
easily. All conventional fabrication methods are used 
to produce a wide variety of shapes. Some precautions 
are necessary because of the moderately rapid oxida- 
tion. For shapes which are to be machined to final size, 
there is no problem. Material which is to be fabri- 
eated to close tolerances should be protected by an 
inert atmosphere or by jacketing. The same precau- 
tions are required during annealing. Zirconium welds 
easily in a good protective atmosphere. A heliare 
torch operated in a helium-filled chamber works well. 
Brazing is made difficult by the fact that brittle com- 


January 1, 1954 


pounds are formed between zirconium and the common 
brazing metals. Machining characteristics of zirconium 
resemble those of aluminum. Zireonium is very soft 
and ductile and galls readily with materials rubbed 
against it. For some applications it would be desir- 
able to coat zirconium with thin layers of another 
metal. Electroplating with either nickel or iron is pos- 
sible. In either case, the electroplate must be diffusion 
annealed to promote adherence. Properties of the four 
leading structural materials for thermal reactors are 
given in Tables 3 and 4. ; 

A great many more structural or cladding materials 
become available if a higher cross section ean be tol- 
erated. Pure metals include niobium, iron, molyb- 
denum, chromium, copper, nickel, vanadium, and ti- 
tanium. A number of alloys such as stainless steel or 
Inconel are available in the intermediate cross section 
range. Moderating materials for thermal reactors 
should be capable of reducing neutron energy rapidly. 
This requires a low atomie weight. Good moderators 
have a high scattering cross section and a low absorp- 
tion cross section for thermal neutrons. The only good 
solid moderators are beryllium, beryllia, and graphite. 
Beryllium has been discussed in detail as a structural 
material. In spite of many shortcomings, beryllium 
and beryllia have been used as moderators. Graphite 
has found widespread use as a moderator because it is 
cheap, abundant, easy to work, and has good physical 
properties. 

Materials for control must possess high cross section 
for the absorption of neutrons. They should also have 
some strength, be fabricable, and have reasonable cor- 
rosion resistance in the reactor coolant. Of the mate- 
rial elements, boron and cadmium meet most of these 
requirements and have been used extensively. Haf- 
nium, with its high cross section and metallurgical 
properties similar to zirconium, should make an ex- 
cellent control material. Some of the rare earths have 
very high cross sections but have not been available in 
sufficient quantities. As they become available, they 
will no doubt be used either alone or in alloys. 

It might be well to consider reactor materials of the 
future. For fuel, we will still have uranium and 
thorium with more emphasis on plutonium. In the field 
of structural materials we are bound to see a number 
of changes. As power levels increase, operating tem- 
peratures also increase. We are fast reaching the point 
where aluminum is losing out because of lack of 
strength and corrosion resistance at elevated tempera- 
tures. Zirconium can, of course, compete to much 
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TABLE 4. Tensile properties of aluminum, beryllium, magnesium, and zirconium. 


Property Aluminum Beryllium (Alle Zirconium 
Yield strength (0.2% offset), psi Room 5,000 33,000 16,000 18,000 
400 3,000 20,000 13,000 10,000 
600 1,500 15,000 7,000 8,000 
Ultimate strength, psi Room 13,000 80,000 24,000 32,000 
400 6,000 50,000 19,000 20,000 
600 2,500 40,000 9,000 16,000 
Elongation, % Room 45 2 1 25 
400 70 8 9.5 50 
600 90 17 22.5 60 
Young’s modulus, 10° psi Room 10 40 6.5 13.8 
400 9 11.5 
600 6.5 10.5 


higher temperatures. Eventually, for water-cooled re- 
actors, we may have to go to titanium and stainless 
steel. For gas-cooled reactors, the operating tempera- 
tures must be much higher. Stainless steel only begins 
to meet these requirements both from the viewpoint 
of strength and oxidation resistance. Molybdenum has 
adequate strength but low oxidation resistance. Alloys 
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such as iron-chromium-aluminum have adequate oxi- 
dation resistance but little strength. For very high 
temperatures, probably only ceramics have a chance. 
They do have serious shortcomings in lack of tensile 
strength and poor thermal-shock resistance. Appar- 
ently, the materials engineer will have his problems 
for many years in the future. 
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Design and Construction of Water Boiler 
Neutron Source 


Ralph Chalker 


Atomic Energy Research Department, North American Aviation, Inc., Downey, California 


ORTH AMERICAN AVIATION has stud- 

ied reactors of several types, which have 

different operative powers in the range 0.1 

to 200,000 watts, for operation as research 

reactors. These types have included designs with homo- 

geneous liquid fuel (water boilers), homogeneous solid 

fuel (the homogeneous graphite reactor) and hetero- 

geneous solid fuel, water moderated and shielded (the 
“swimming pool” type reactor). 

Recently a natural radioactive material being used 
as a source of neutrons in research and development 
work by North American Aviation for the Atomie 
Energy Commission became depleted. A careful analy- 
sis indicated and was later confirmed that a small 
water boiler reactor would be both a more powerful 
and more economical source of neutrons. Consequently, 
a low-powered water boiler neutron souree (WBNS) 
was designed, constructed, and installed at the Com- 
pany’s Downey research and manufacturing facility. 

Since this reactor is small, simple, safe, and eco- 
nomical and yet embodies the major components and 
manufacturing techniques typical of all reactors, a de- 
seription of its design and construction is thought to 
be of interest. 

In the complete installation prior to placing the 
final shield wall (Remley, Fig. 2, p. 22), the lower 
tank is 5 feet in diameter and 6 feet high and con- 
tains 2 feet of machined graphite reflector which sur- 
rounds a 1 foot spherical fuel and moderator core 
tank. Attached to the tank are a small mixing tank 
with valves and connecting piping, a large eylindrical 
accumulator tank and two neutron detecting ion cham- 
bers. The associated control and safety rod system and 
instrumentation panel are located behind the structure 
and are not visible. The upper tank is experimental 
equipment which utilizes the neutrons produced in the 
reactor. The designed power of the reactor is one watt 
with a maximum flux density of 410° neutrons per 
square centimeter per second. 

Figure 1 shows the three major systems of this re- 
actor: safety, fuel, and gas disposal. Higher-powered 
reactors require a fourth system consisting of cooling 
equipment for removing the heat generated by nuclear 
fission. The safety system includes two gravity-pow- 
ered safety rods, and two control rods. The control 
rods are positioned according to instrumentation in- 
dications and recordings on the control panel. These 
instruments are in turn fed by signals from the neu- 
tron detecting devices located around the reactor tank. 
The fuel system includes a fuel mixing tank, valves, 
piping, and the reactor core tank. 
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A description of the major reactor components fol- 
lows. 


Core AND HANDLING 


The reactor core components are shown in Fig. 2. 
The fuel is contained in a 12-inch diameter stainless 
steel sphere made of two spun hemispheres each pro- 
vided with a small upstanding flange at the joint sur- 
face. The design of the core tank is representative of 
the new problems encountered by the engineer devel- 
oping nuclear reactor components. Corrosion eonsider- 
ations which may be accentuated by radiolysis indicate 
that special corrosion-resistant steels may be in order. 
Pressure and corrosion indicate thick walls. Nuclear 
considerations indicate either thin walls or use of ma- 
terial which does not offer a large cross section to 
neutron ahsorption. The answer may be a thin stain- 
less steel capable of being heat treated to a high ten- 
sile strength. However, heat treatment causes scaling 
which is difficult to clean to the degree necessary in 
the system. The final compromise which included fab- 
rication and economical requirements was the selection 
of 1/16-inch 347 stainless steel sheet welded without 
filler by heliare. Cooling coils are shown to which a 
refrigeration system can be added at a later date 
should the reactor be run at higher powers. The long 
tube and extra tank is an added safety feature devel- 
oped by North American Aviation which provide an 
auxiliary catch basin in the event of a flash run-away. 
The fuel is retained and slowly returned to the core 
after the conditions that caused the flash have been 
rectified. Not shown in the photograph is a tube 14% 
inches in diameter that runs completely through the 
sphere. After all the components shown are welded in 
place, the tank is cleaned thoroughly to remove all 
foreign material. The flanges of the hemispheres are 
spot welded together to produce accurate alignment 
and then fused down in a heliare butt weld. A final 
cleaning is then performed in the laboratory using hot 
nitric acid. The welded core tank is then pressure 
tested to 300 psi using conventional leak testing meth- 
ods. To find minute leaks, a vacuum is pumped on the 
core tank assembly while attached to a mass spectro- 
graph. Helium is then introduced on all welds and if 
a leak large enough to admit helium is present, the 
leak detector will indicate and the weld may be re- 
paired. The volume of the core tank is then accurately 
determined as a function of height (see Fig. 3). 

To fill the core tank for operation, the concentrated 
solution of uranyl nitrate is carefully measured into a 
vinyl bottle by volume using the burette shown in Fig. 
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Fic. 1, Three major systems in reactor: (1) gravity-actuated safety rods and remotely controlled powered con- 
trol rods, instrumentation, and neutron detection instruments; (2) fuel handling and mixing tank, valves, piping, 
and fuel core tank; (3) gas disposal system with accumulator, gages, and valving. 


4. The amount is then checked by weight. Figure 5 
shows the fuel being poured from the vinyl bottle into 
the mixing tank which is made of stainless steel highly 
polished for cleanliness and fitted with a sealed cover 
which allows the container to be either pressurized or 
evacuated. The mixing tank is connected by a plug 
valve to the tubing leading to the core sphere. 


Fig. 2. Components of reactor core tank. Two spun 
stainless steel hemispheres, cooling coils, emergency over- 
flow tank, and slow return pump. 
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The fuel handling system is shown in Fig. 6. A 
loading sequence includes: £1) filling the core tank 
with the total calculated amount of distilled water; 
(2) adding the first aliquot of fuel which is one-half 


that caleulated for the critical mass; (3) bubbling the | 


gas through the solution thus mixing the fuel and 


Fig. 3. Accurate calibration of volume of sphere as 
function of height. 


ScieNcE, Vol. 119 


- 
j 
4 
<TEST HOLE disti 
fave 
eau 
wi 
pov 
pee 
late 
con 
pro 
bag 
4 ex} 
nec 
gas 
18 
ok 
4a 
i 
a 
ex 
si 
J 


Fic. 4. Apparatus for measuring solution of uranyl 
nitrate by both volume and weight. 


distilled water; (4) raising a portion of the solution 
into the mixing tank by pressure or vacuum; (5) ad- 
ding the next measured aliquot which is again one- 
half the remaining amount to reach the required criti- 
eal mass; (6) repeating steps 2 through 5 until the 
reactor is loaded. 

During operation of the reactor fission gases are 
given off as well as hydrogen and oxygen. Since a 
favorable mixture of H and O might be produced to 
cause an explosion, the entire system is designed to 
withstand 300 psi and explosion traps are provided 
at critical areas. To contain the fission gases at low 
power operation, calculations had shown that tem- 
porary storage and periodic disposal of the aceumu- 
lated gases would be sufficient. Thus a stainless steel 
container connected to the top of the core tank was 
provided (Fig. 6). Inside the container is a Neoprene 
bag which when pressurized, completely fills the tank 
expelling all contents as it expands. The pressure con- 
nection to the bag passes directly through a packing 
gland in the top end of the container. Thus, as fission 
gases are collected in the container, the Neoprene bag 
is compressed and the rise in pressure indicated on the 
gage. When sufficient gas has accumulated, the bag is 
pressurized and the fission gases foreed into the dis- 
posal tank which can be removed from the system. 

For higher-powered reactor operation, the gas gen- 
eration increases to the point where this system be- 
comes impractical. North American Aviation has re- 
cently developed a closed eyele gas handling system 
which reecombines hydrogen and oxygen and processes 
the fission gases to allow practical disposal of gases 
at powers up to 50,000 watts. 


REFLECTOR 


Graphite for the reflector was obtained in rough 
extrusions about 414 inches high, 12 inches wide, and 
4 feet long. The extrusions were machined on four 
sides and one end to aceurate uniform dimensions 
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Fie. 5. Pouring measured aliquot of fuel into mixing 
tank to be mixed with distilled water moderator. 


(Fig. 7). The blocks were then selectively assembled 
so that the layers of graphite were composed of blocks 
having the same thickness. By this method uniform 
load distribution was assured. Special care was given 
to shaping those blocks which were adjacent to the 
spheré to leave a minimum of air space (Fig. 8). Each 
layer of blocks was laid with joints in adjacent layers 
ninety degrees apart (Fig. 9). The principal experi- 
mental facility for this reactor is a tank which is 
placed directly on top of the graphite. The top sur- 
face was therefore carefully levelled and kept seru- 
pulously clean by the use of a sealed cover both during 
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Fie. 6. Schematic diagram of fuel handling and gas 
disposal system. Fission gases enter stainless steel ac- 
eumulator tank, compressing Neoprene bag. Gas is dis- 
posed of by pressurizing bag forcing gases into disposal 
tank 
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Fie. 7. Extruded reflector graphite to be machined to 
fit contour of steel tank and reactor core sphere. 


the transfer to the laboratory and final assembly. 

The tank in which the graphite and core were as- 
sembled was made in a structural steel shop and pre- 
sented no special problems (Fig. 10). The tank bottom 
was made especially thick to minimize deflection under 
the graphite load. Openings were provided on the sides 


Fie. 8. Machined graphite accurately stacked to fit 
reactor core components with minimum air gap. 


Fig. 9. Layers of reflector graphite stacked with alter- 
nate layers at right angles to each other. 
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to match the locations of control rods and special 
stringers in the reflector graphite. A strong flange was 
provided at the top to anchor the experiment tank 
against movement due to horizontal forces. The graph- 
ite tank was mounted on a structural steel base which 
was furnished with lifting lags capable of handling 
the total load of graphite and tank without damage. 
Leveling screws were incorporated into the base to 
permit accurate leveling of the assembly on its eon- 
erete foundation before anchorage and grouting. Re- 


Fie. 10, Experimental facilities include eight removable 
4-by-4 inch stringers and 14-inch diameter exposure tube 
extending through the center gf the core and surrounding 
reflector. 


search facilities were provided by removable stringers 
of graphite and an access hole through the reflector to. 
the exposure hole, permitting maximum irradiation of 
experimental pieces at the center of the core. The 
removable stringers are shielded by special removable 
close tolerance plugs made of wood tipped with lead 
and cadmium (Fig. 11). 


Con TROL 

In the control rod system, illustrated in the Remley 
papers, Fig. 3, p. 23, the two safety rods are held in 
the “out” position by a trigger mechanism which ean 
be tripped by hand or electrically by remote control at 
the control panel. Metal counterweights acting under 
the force of gravity pull the rods to the “in” position 
to shut down the reactor. When the rods are within 6 
inches of their total travel, the counterweights are 
arrested and wedges on the control rods contact 
spring-backed brake shoes to absorb the momentum of 
the rods and stop them before they contact the graph- 
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Fig. 11. Removable close tolerance shield plugs for ex- 
perimental facilities made of wood with lead and cadium 
tips. 


ite in the reflector. The coarse and fine control rods 
are motor-operated remotely from the instrument 
panel, A selsyn system is used to operate an indicator 
located on the panel which shows the position of the 
rods at all times with reference to the center of the 
core. 


INSTRUMENTATION 


The instrument panel, which is illustrated in the 
Remley paper, Fig. 4, p. 23, was designed to pro- 
vide the necessary instrumentation of the sensing de- 
vices and control and safety rods required by the speci- 
fications set up by the nuclear designers. The block 
diagram for these arrangements in shown in Fig. 12. 


CONTROL 


SAFETY ROD SAFETY ROU 


Fig. 12. Block diagram showing neutron detection in- 
struments used, auxiliary instrumentation and the emer- 


gency shutdown actuators. 


Three separate sensing systems operate to shut down 
the reactor and sound the alarm in the ease of a re- 
actor overload. 
SHIELD 
Figure 13 shows the biological shield which was 
designed to be adequate for the radiation field present, 
yet demountable in case varying experimental ar- 
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BLOCK 


Fig. 13. Conerete shield blocks stacked to provide a 
biological shield to protect operators from radioactivity 
during reactor operation. 


rangements of shield should be required or in case of 
a complete change of site for the reactor. Concrete 
blocks 2 feet square by 1 foot 10 inches high were 
selected. Vertical joints were staggered at assembly 
and the corner blocks were interlocked. Some of the 


Fic. 14. Engineers check the operation of the control 
rods and instrument panel for the North American Avia- 
tion water boiler type atomie energy reactor prior to 
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Fic. 15. NAA WBNS cost breakdown. 
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Fig. 16. Cost breakdown of engineering. 


blocks were designed in special shapes to give pas- 
sage for control rods or the movable graphite string- 
ers. Accurate dimensions were essential to the success 
of such a shield and an appraisal of fabrication facili- 
ties was undertaken by visiting many concrete prod- 
uct plants. 

When final assembly time was reached the key blocks 
which were adjacent to the control and safety rods and 
the special blocks opposite the experiment holes in the 
reflector were first located and the remaining blocks 
filled in to suit. It was necessary to level and shim 
all the blocks of the lowest layer until the top surfaces 
of all were in one plane before progressing to the next 
layers. By doing this a successful assembly was 
achieved and a source rod could then be passed through 
shield block and reflector and into the exposure hole in 
the sphere; the control rods passed freely within 
graphite walls and the removable stringers of graphite 
could be transferred in and out of the reflector with- 
out difficulty from outside the shield. 


BuILDING 


A roof and housing of corrugated steel lined with 
insulation, covering a floor area 20 by 40 feet in size 
was provided adjacent to existing laboratory buildings 


14 


in the North American Aviation plant in the city of 
Downey, California. A one-ton bridge crane was pro- 
vided to serve the entire building. The elevation of the 
hook at the maximum height position was 20 feet. 
This height was required to withdraw lattice members 
about 6 feet long from a 6-foot experiment tank set 
on top of the graphite. Figure 14 shows the control 
console placed in an adjacent room whose floor level 
was very convenient as the operator seated at the 
console could see through a window all over the re- 
actor room and check control rod responses to adjust- 
ments made at the console. 

A cost breakdown of the North American Aviation 
WBNS is shown in Fig. 15. These percentages are 
given to indicate the relative costs of the various com- 
ponents of the one-watt power reactor previously de- 
seribed and inelude the total cost of manufacture, in- 
stallation, and testing of the respective components. 
The cost of the fuel is not included. For a higher- 
powered reactor, the cost of a cooling system, addi- 
tional cost of a more complete gas handling system 
and a more adequate shield would change the figures 
materially. The largest single cost is for engineering 
and design (31 percent) and is representative only 
for the first unit. A further breakdown of the design 
costs is shown in Fig. 16. Although the engineering 
design costs appear to be high, it must be remembered 
that this was the first reactor designed to be operated 
as a part of an established industrial plant located in 
a heavily populated district. Thus every possibility 
was thoroughly explored in order that those respon- 
sible could be certain of the complete safety to the 
populace around the project. Careful exploration 
therefore involved study and consideration of many 
design layouts that were eventually discarded. 


a 


Fig. 17. Installation on the WBNS of an automatic 
control system designed for operating a 2000-watt reactor. 
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Since being placed into operation, this small re- 
search reactor has been useful in experimentation 
other than that originally contemplated. Figure 17 
shows the testing of an automatic servo system de- 
signed for operating a 2000-watt reactor. 

This small reactor is well within the economic limits 
customarily spent for conventional equipment. De- 
pending on the nature of experimental facilities, 


shielding, and building required, such a unit may cost 
from $75,000 to $100,000. Located as it is within an 
existing manufacturing plant it has proved beneficial 
not only in the experimental program for which it 
was designed but also as a practical tool for testing 
and developing new reactor components and may 
therefore, contribute to a wider use of nuclear reactors 
both by industry and educational institutions. 


The Engineering Design of the North 
American Aviation Homogeneous Graphite 
Research Reactor 


A. Macneil Stelle 
Atomic Energy Research Department, North American Aviation, Inc., Downey, California - 


HE BASES for the North American homo- 

geneous graphite reactor design are: it may 

be operated in a highly populated area, such 

as a university campus; it is safe for unskilled 
personnel to perform experiments in and around the 
machine; and there are no hazardous effluents. In ad- 
dition to being a general research tool, the reactor 
includes facilities for simultaneous service irradiations 
to produce isotopes that might provide a source of 
income for the operating institution. It is to operate 
at a power of 135 kw with 1 x 10'* neutrons /em*/see 
available in the experimental facilities. Low construc- 
tion cost consistent with the above requirements is of 
prime importance. This is kept to a minimum by using 
commercially available parts, equipment, and mate- 
rials, wherever possible. 

The basic design for the homogeneous graphite re- 
actor was chosen from a study of six different con- 
figurations of both liquid and solid moderator designs. 
The homogeneous graphite configuration presented 
the most economical and practical solution for the de- 
sign of an extremely safe reactor which has no radio- 
active effluents. The core is a homogeneous mixture of 
graphite and uranium contained in a sealed core tank. 
It is homogeneous only in the nuclear sense; that is, 
in the intimate association of the moderator and fuel, 
so that at all times they will have the same tempera- 
ture. Since the moderator temperature determines the 
minimum velocity of the neutrons and the probability 
of fission is sharply dependent on neutron velocity, an 
increase in moderator temperature will decrease the 
reactivity of the reactor. This phenomenon is repre- 
sented by a negative coefficient of reactivity. It gives 
the reactor inherent safety and stabilization. Thus, an 
accidental increase in reactivity, which always causes 
a rise in moderator temperature, will be arrested be- 
fore damage can occur. As a precaution against an 
accidental increase of reactivity, no access is provided 
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to the interior of the core tank except after first re- 
moving the core assembly from the reactor. It should 
only be necessary to remove the core for refueling, and 
the design provides sufficient fuel to operate the re- 
actor for 3.5 x 10° kw hr. Operating at full power on 
an 8-hr day, refueling would be required about every 
10 years. Another important feature of this configura- 
tion is the large quantity of neutrons available for ex- 
perimental use. Many irradiations may be conducted 
simultaneously without materially reducing the num- 
ber of available neutrons. Thus, certain long-time high 
absorption experiments may be conducted without in- 
terfering with other short-time experiments. 

The design lends itself to simple components. Be- 
cause of the large amount of room in and around the 
core, the control mechanism is simple and rugged com- 
mercial parts are used throughout. The shield, too, is a 
convenient size for the location of many experimental 
facilities that will not interfere with one another. The 
coolant system is conveniently located in a room below 
the reactor so that radiation from the coolant is not a 
problem. 

The homogeneous reactor as proposed is an octagon, 
with outside dimensions of 20.5 ft across the flats by 
13.5 ft high. The experimental facilities that pierce the 
shield are arranged on each of the eight faces and on 
the top. Also on the top are the control rod mecha- 
nisms which move the six rods extending vertically 
into the core. These mechanisms extend 10 ft above 
the reactor. Beneath the reactor, in a special room, is 
the cooling system equipment. The coolant, D,0, is cir- 
culated in a closed system through the reactor and a 
heat exchanger. The core is in the center of the shield 
and is surrounded by a 2-ft thick graphite reflector. A 
control console may be located anywhere near the re- 
actor. 

The shield is 13.5 ft high and only 6 ft thick. These 
dimensions are achieved by using an iron ore-coleman- 
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ite concrete for the shield. It has a specifie gravity of 
3.6 to 3.8, as compared to 2.3 for ordinary concrete. 
Thus, a substantial saving in the bulk of the shielding 
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is realized. The small size of the shielding makes it 
possible to construct the forms as concentric, 1-in. 
thick steel tanks with the experimental tubes and re- 
inforeing steel welded in place. Perhaps this can be 
done at the fabricator’s shop, The annular space is 
filled with the dense concrete at the construction site. 
The steel outside face is convenient for attaching spe- 
cial equipment or brackets to the reactor face, while 
the inner steel form provides a permanent vapor-tight 
envelope for the reflector graphite. 


EXPERIMENTAL FACILITIES 


Each of the eight faces of the reactor is 8.5 ft wide. 
This provides ample flat surface around a hole for 
assembling experimental apparatus and for providing 
a minimum of interference with the experiments that 
are being conducted in the adjacent faces. Each face 
has a radial utility trench that contains outlets for 
the electricity, water, and air below floor level. The 
trench connects with each experimental hole, so in- 
strument lines may also run below the floor, thus pre- 
venting accidental damage to them by laboratory 
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Fig. 3. Core tank details. 


traffic. Four types of holes pierce the shield and re- 
flector for inserting samples or equipment into the 
neutron flux: (1) the universal experimental hole, (2) 
the pneumatic tube, (3) the multiple specimen tube, 
and (4) the thermal column. These experimental holes 
are sealed from the atmosphere inside the reactor, 
thereby preventing radioactive air from emerging 
from the large void spaces in the reflector volume or 
the accidental drawing in or spilling of contaminants 
into the voids in the graphite reflector. There are 17 
universal experimental holes, including four 3-in. 
diameter tangential holes, six 3.5-in. diameter radial 
holes, six 2-in. diameter vertical holes, and one 6-in. 
diameter radial hole. 

In general, larger holes are preferred, but restric- 
tions are placed on their size for: (a) convenience in 
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handling and removing the shied plugs; (b) limiting 
the volume of high neutron absorbent material that 
may be placed into the hole because, if suddenly with- 
drawn, too large a volume would cause a runaway; 
and (¢) limiting the amount of air in the tubes which 
may become radioactive and be displaced into the re- 
actor room when the hole plugs are inserted. These 
three limitations indicate that, for this particular re- 
actor configuration, hole of diameter 6 in. is the largest 
recommended. 

Standard steel pipe is used for construction of the 
experimental holes in the shield. A thin removable 
aluminum thimble or tube is inserted through the re- 
flector portion of the hole. It is sealed to the steel pipe 
by a gasket and nut. Aluminum is used to minimize 
the amount of neutron shadowing of the experiment 
placed inside the hole. The outer open ends of the 
holes terminate in a box or recess 16 in. square and 
9 in. deep. Instrument leads or additional shielding 
may be installed in this recess. The holes may be sealed 
by placing a face plate over the open end, inside the 
recess. The hole may then be evacuated or purged 
through the 14-in. diameter drain and purge line. In 
addition, a 2-in. electrical conduit provides ecommuni- 
cation between the recess and the utility trench for in- 
strument and power leads. 

When a hole is not in use, it is plugged with a set 
of graphite plugs in the reflector section and steel 
plugs in the shield section to reduce the emitted radia- 
tion to below tolerance levels. Each plug weighs less 
than 30 lb for easy handling. The plugs may be easily 
withdrawn with a special tool which is positively en- 
gaged on contact. 

Universal holes are useful for irradiating samples 
either in static or dynamic systems. Items such as the 
piston rings or wearing parts on machinery may be 
irradiated for subsequent wear testing. Also, beam 
experiments, such as determining the time of flight of 
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Fic. 4. Universal hole details. 


neutrons or testing shielding materials, may be per- 
formed. 

The pneumatic tube that has access at the top of 
the reactor is a specialized form of a universal hole. 
The main feature is the reduced shielding required to 
introduce and remove samples while the reactor is in 
operation. This tube is constructed of aluminum and is 
a commercial pneumatic system size. Thus, all the 
equipment and technies used in commercial installa- 
tions may be used without change. A 2-in. diameter 
tube is shown, but a wide variety of sizes and shapes 
are available. This equipment is especially useful for 
the determination of the half-life of extremely short- 
life isotopes and for other controlled exposure experi- 
ments. 

The thermal column, as shown, occupies one entire 
face of the reactor. Depending on the requirements 
of the research program, a thermal column initially 
may be made to cover more than one face, may be 
made smaller, or may be omitted. The size shown is 
40 ft*. The lead barrier between the reflector and the 
thermal column graphite shields the gamma rays pro- 
duced in the core and allows only the neutrons to enter, 
Thus the emerging beam is composed of neutrons and 
gamma rays produced in the thermal column by the 
capture of neutrons in the graphite. A lead and cad- 
mium door of 9-in, thickness is provided for shielding 
when the thermal columns is not in use. This door 
weighs 23,000lb. It is horizontally divided in the cen- 
ter and counterbalanced to move apart vertically. It 
is actuated by a pneumatic cylinder. 

Some longitudinal bars placed in the graphite stack 
may be removed to make a very high-intensity short- 
range beam through one of the smaller doors in the 
large counterbalanced door. This beam would be useful 
for medical therapeutie work. 

The general arrangement of the thermal column 
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makes it useful for exposing either a large number of 
test animals together or large areas of a material. 

On the top face of the reactor are three multiple 
specimen tubes. Each consists of a vertical 5-in. diame- 
ter tube with small shelves placed at 3-in. intervals, 
and each terminates in a shielded transfer box. The 
transfer box eliminates the use of shield plugs and 
makes easier the transfer of the samples into a shielded 
casket. Standard 2%4-in. diameter by 214-in. high, 
25-ce sample capsules are provided which may be 
placed in the reactor and removed without disturbing 
any other capsule. A capsule is introduced in two 
steps. First, it is lowered to the offset in the transfer 
box; then, by rotating the paddles on each of the eleva- 
tors in turn, it is transferred to the main elevator. The 
elevator is lowered to the selected shelf and again, by 
rotating the paddle, the capsule is transferred to the 
shelf. To remove a capsule, the procedure is reversed, 
and the capsule is finally discharged into a shielded 
casket. 

The multiple specimen tube is a single-use device 
designed for the production of commercially usable 
radio isotopes or for long-time experimental expo- 
sures. 

The experimental facilities were selected to give 
access to a variety of simultaneous experiments. The 
arrangement was chosen to provide the greatest 
amount of general purpose use. Other arrangements 
may be selected according to the needs of the operat- 
ing organization. 
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Corr AND Core TANK 


The safety of the reactor is inherent in the design 
of the core assembly. The homogeneous core, which is 
homogeneous only in the nuclear sense, has a negative 
coefficient of reactivity of the order of -3x10-* per 
°C. Under runaway conditions the coefficient is a bit 
lower but still is sufficient to arrest the reaction and 
to keep the aluminum parts from melting. By using 
only solid materials (graphite and uranium) in the 
core, the problem of containing all the fission and 
decomposition products was resolved simply by evacu- 
ating and sealing the core tank for the life of the core. 
Thus no radioactive effluents may eseape and the need 
for a stack or hold-up equipment is eliminated. 

That part of the core which contains the fuel is a 
right cireular cylinder 45.5 in. in diameter and 42 in. 
high. The core tank, which contains the core and the 
portion of the reflector graphite immediately above 
and below it, is 46 in. in diameter and 93 in. high. 
The reflector was included inside the core tank to make 
removal of the assembly easier andtto provide expan- 
sion space for the fission and decomposition products. 
The design of the core tank was complicated somewhat 
by ineluding the reflector, but the simplification in 
gas handling and in the installation and removal pro- 
cedure made it worth while. 

The core tank design was. interesting in that the 
tank, 46 in. in diameter and 93 in. high, was to be 
made of aluminum, evacuated to 2 em of He with a 
helium atmosphere, made with as little metal in it as 
possible, and to have 70 re-entrant cooling tubes 114 
in. in diameter passing, in an 8-in. rectangular lattice 
pattern, from the bottom through the core. The esti- 
mated temperature of the tank wall was 400° F. 

The external pressure gave us the most concern. It 
was necessary to prevent a positive pressure from de- 
veloping in the tank during its lifetime. This was 
specified so that, if a leak oceurred, gas would leak 
in and trip a pressure monitor; whereas, if the tank 
were pressurized, gas would leak out and contaminate 
the room. 

To develop strength with low neutron cross section, 


52-SO aluminum was chosen for all the structural: 


members. The tank wall was stressed for 2000 psi at 
400° F. For these conditions, the wall was made 1, in. 
thick, with stiffeners having «a moment of inertia of 
0.3 in.* placed at 12-in. intervals. A long thin section, 
1% by 3 in., was selected for the external ribs. They 
were prevented from buckling by filling the space be- 
tween each rib with graphite bars, which also made 
the transition from the round core tank to the octa- 
gonal reflector stack. The bars are held to the tank by 
a perforated aluminum girdle. 

The creep rate of 52-SO aluminum at 400° F and 
2500 psi is about 5x 10-* in./in. hr. This is excessive. 
Therefore, cooling coils were placed around the tank 
walls to reduce the temperature to 200° F. At this 
temperature the creep rate is not significant below a 
stress of 12,000 psi. These cooling tubes are mani- 
folded and fed separately from the main coolant flow. 
Thus, a failure in the tank wall coolant system would 
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not be cause for immediate shutdown of the reactor, 
as the system can be independently turned off and the 
tank is adequate except for creep at the higher tem- 
perature. 

The main coolant flow is manifolded from two 
plenum chambers in the bottom of the core tank. The 
70 coolant channels are divided longitudinally in the 
middle, and the coolant flows up one side and down 
the other. The corrosion allowances were based on the 
assumption that turbulent flow gave lower corrosion 
rates. Therefore, the tubes were figured for a Reynolds 
number of 6500 and were made ¥% in. thick. The 
plenum chamber has a very low Reynolds number, and 
the walls are 3% in. thick. Erosion at these velocities 
has been neglected. The tubes extend to the top of the 
tank to support the atmospheric load. 

Five thimbles run vertically through the tank to per- 
mit entry of the control and safety rods. The rods are 
placed inside the core to prevent their shadowing the 
experimental facilities, as they would if placed outside 
the core. Located in the center thimble is also a sepa- 
rate 4-in. square element. Normally this element is 
filled with graphite, but if it becomes desirable to in- 
crease the fuel loading in the core, this element may be 
replaced with a fuel loaded element which ean be con- 
nected to the D,O cooling system. One might think of 


this as a means of rejuvenating a partially depleted 
core. 


Core REMOVAL 


The core assembly is removed from the reactor by 
the following procedure. The control-shim rods are 
dropped from their magnets into the core. All the con- 
trol and safety rod machinery is removed, and the top 
concrete shield plug is removed. The reflector graphite 
provides enough shielding so that radiation is not 
extra hazardous during this operation. A lead casket 
is moved over the opening; and, after having first eut 
off the four coolant feed lines flush with the bottom 
of the core tank, the core is raised into the easket by 
its permanently attached lifting sling. The casket and 
core are lifted together onto the casket bottom, which 
is secured, and the assembly is ready for transporta- 
tion to a disposal site. The new core may be installed 
without the casket. The core exchange should take 
about two weeks. 


CooLting System 


The cooling system is a two-fluid cireuit connected 
by a single-pass, one-tube, hairpin heat exchanger. 
D,O is in the primary or reactor side, and ordinary 
water is in the secondary or heat-dump side. The pri- 
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Fig. 7. Range of control instruments. 


mary circuit is 100 per cent 28 aluminum to minimize 
corrosion, and the secondary circuit is galvanized iron 
pipe. Most of the equipment in the cooling system, 
which consists of the D,O pump and sump tank, ex- 
change columns, heat exchangers, H,O pump, and mis- 
cellaneous valves, are located in a small tunnel below 
the reactor. A cooling tower is located outside the 
building. 

There are 65 gallons of D,O in the system. This is 
circulated at 50 gal/min through the reactor and heat 
exchangers. To keep the D,O at high purity for the 
purpose of reducing corrosion rate, 1 gal/min is by- 
passed through the resin exchange columns. The sump- 
type pump is totally enclosed in the sump to avoid 
rotary seals for the helium atmosphere maintained 
over the D,O. All effort is made to prevent contamina- 
tion of D,O by H,O which, if the atmosphere were 
not maintained, could be absorbed from the air. A 
blow-by valve connects the reactor to the sump tank 
so that, if the core overheats, the reactor will dump 
before a pressure buildup can damage coolant system 
or core. 

The D,O enters the core at 140° F and leaves at 
158° F. The wetted area in each of the 70 tubes is 117 
in.”, or 8200 in.? total. The heat exchange then is 9702 
btu /ft? hr and is limited by the poor thermal con- 
ductivity of the graphite uranium mixture. 


Controt Rops 


The control rod mechanisms, which are simple rack 
and pinion devices, are located on top of the reactor 
and are enclosed in vapor-tight containers to avoid 
direct communication between the room and the air in 
the reflector volume. The drive in all cases is a 1/20 
hp, 3-phase, gear reduction motor. By selection of 
appropriate gears, the control rod speeds may be 4 to 
75 in./min. A manually adjusted stop on the control 
rods limits the amount they may be withdrawn and 
serves as a shim adjustment; hence the name, control- 
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shim rod. All the rods are held to the rack by eleetro- 
magnets, which in case of emergency are de-energized 
and allow the rods to fall freely. They are arrested by 
an automotive type shock absorber. 

The control-shim rods are stainless steel tubes filled 
with boron carbide. They are 2 in. in diameter, 42 in. 
long, and weigh approximately 40 lb each. Each rod 
controls 1.2 percent reactivity, or approximately 0.03 
percent per inch. Cooling is by radiation to the cooled 
thimbles of the core tank. The safety rods are similar 
except that they are rectangular, 2 by 3.5 in., and have 
a graphite extension on the bottom which fills the hole 
when they are withdrawn. Each of these controls 5.0 
percent of the reactivity, or approximately 0.12 per- 
cent per inch, 

An automatic regulator rod may be provided if de- 
sired. It consists of counterbalanced rod assembly 
driven by a Brown Instrumeht 2-phase motor. 


INSTRUMENTATION 


The instrumentation for the control system has been 
designed to control the reactor under normal and 
emergency conditions. Since the total amount of ex- 
cess reactivity for experimental purposes is limited 
to 2 percent, a simple instrument system is adequate. 
A fission chamber is used to bring the reactor from 
shutdown to a flux level of about 10-® of full power. 
A compensated ion chamber is then used to monitor 
the level up to full power. In addition, a log amplifier 
will indicate the period from 10-?° full power up to 
full power. Simple relays are used wherever possible, 
and in the ion chamber instrument and relay cireuit 
a response time of 300-millisee is expected. This speed 
is adequate, since a change in reactivity of 0.7 per- 
cent corresponds to a period of about 1 see. 

Three ion chambers, two compensated ion chambers, 
and one fission chamber comprise the sensing instru- 
ments for controlling the reactor. Two boron thermo- 
piles act as an emergency alarm and shutdown device. 
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These are connected to form an emergency shutdown 
buss and a normal shutdown buss. A separate alarm 
buss monitors the core tank pressure, graphite tem- 
perature, D,O temperatures, and D,O flow. Erratic be- 
havior of these will not shut down the reactor but will 
sound an alarm. Remote rod-position indicators, rod- 
holding magnet current, and various other minor in- 
strumentation are not tied into any one of the three 
main buss systems. 


PRESENT STATUS 


This reactor has been designed up to the point of 
making detail drawings of the various components. 


The technique of mixing graphite and uranium for the 
core has been worked out in full seale and was tested 
by a small seale experiment in another reactor. Other 
components are combinations of commercial parts in 
straightforward design. It is estimated that the cost 
of this reactor would be approximately $500,000, the 
exact amount depending on the extent of experimental 
facilities to be associated with it. The reactor described 
has the benefit of a very conservative design, and 
every effort has been made toward simplicity. It is a 
unit that will meet the requirements of safety while 
operated by unskilled personnei such as students in 
universities or technicians in a research institute. 


Operation of the North American Aviation 


Water Boiler Neutron Source’”’ 
Marlin E. Remley 


Atomic Energy Research Department, North American Aviation, Inc., Downey, California 


LOWPOWER HOMOGENEOUS REACTOR 
of the water-boiler type (1) has been in 
operation at the Atomic Energy Research 
Department of North American Aviation 

since April, 1952. This reactor, called the Water 
Boiler Neutron Source, or WBNS, was designed pri- 
marily as a source of neutrons for experimental pur- 
poses. The reactor is operated at power levels up to 
1 watt, and at this level it supplies a maximum ther- 
mal flux of approximately 4x10" neutrons/em* sec 
at the center of a test hole through the spherical core, 
along with somewhat lesser values of flux in exposure 
facilities in the graphite reflector. 

The WBNS is well suited for neutron absorption 
cross-section measurements by the danger coefficient 
technique because of its low nuclear cross section 
which results in a high sensitivity. It is an economical 
type of reactor on which personnel training, instru- 
ment and material testing, along with other reactor 
engineering studies, can be conducted. It will furnish 
sufficient neutron flux for a great many types of 
neutron irradiations for studies in nuclear physics, 
radiochemistry, and biophysics. The water-boiler-type 
reactor also combines strong inherent safety features 
with the above characteristics. These result from the 
very large negative temperature coefficient and nega- 
tive power coefficient of reactivity. These negative co- 
efficients are sufficient to shut down the reactor in the 
event of accidental releases of large amounts of reac- 


1 Based on a paper presented at the 1953 Conference on 
Nuclear Engineering at the University of Californ‘a, Berkeley, 
Sept. 9-11, 1953. 


2 Based upon studies conducted for the Atomic Energy 
Commission under Contract AT-11-1-GEN-8. 
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tivity. This shut down will occur with a relatively 
small release of energy. 


DESCRIPTION OF THE WBNS 


The WBNS is a light-water moderated graphite re- 
flected solution-type reactor. The core consists of a 
solution of highly enriched uranyl nitrate in a 1-ft 
diameter stainless steel sphere. The sphere has been 
constructed from two hemispherical spinnings of Type 
347 stainless steel sheet, 1/16 in. thick, and has a 
volume of 14.38 liters. A central exposure facility in 
the core has been formed by inserting a tube, 11% in. 
ID, through the sphere with its center line 3 in. below 
the horizontal diameter of the sphere. This sphere is 
encased in a cylinder of pile grade graphite, 5 ft in 
diameter by 6 ft high, which serves as a reflector and 
vertical thermal column. The entire cylinder is sur- 
rounded by a conerete block radiation shield 2 ft thick. 
A sectional assembly of the reactor is shown in Fig. 1. 
Figure 2 is a photograph of the ‘installation with an 
experimental tank on top of the vertical thermal 
column, 

The graphite reflector was formed by stacking 
graphite bars, 444% in. in eross section, hori- 
zontally inside a steel tank with the bars in alternate 
layers placed orthogonal to each other. Eight of these 
graphite bars, or “stringers,” near the sphere, as 
shown in Fig. 1, ean be removed to form radiation 
exposure facilities. Parallel to the removable stringers 
is the central exposure facility which passes through 
the graphite and through the stainless steel sphere and 
permits access with small samples to the region of 
highest flux. 

The reactivity control is maintained with two safety 
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Fig. 1. Sectional view of WBNS showing locations of 
the stainless steel sphere forming the reactor core, the 
control and safety rods, the central exposure facility 
through the graphite reflector and through the sphere, 
and the removable graphite stringers which give addi- 
tional neutron irradiation facilities. 


rods, east safety and west safety, a coarse control rod 
and a fine control rod, located as shown in Fig. 1. 
These rods move horizontally through the conerete 
shield and into the graphite reflector adjacent to the 
stainless steel sphere. Each safety rod is constructed 
of two 14-in. thick strips of Boral attached to alumi- 


Solution 
ng Bow 


Fia. 2. Completed WBNS assembly with one shield wall 
removed. Lower tank contains graphite reflector and 
spherical core. Upper tank is experimental equipment. 


22 


num channel beams. This forms an I-beam about 3 ft 
long and 4 in. high. The rods are removed from the 
graphite reflector manually and are held in the “out” 
position by magnetically actuated latches. If the hold- 
ing magnets are de-energized, the safety rods are 
pulled into the reflector in approximately 0.5 second 
by weights suspended from cables piaced over pulleys. 

The coarse control rod is constructed similarly to 
the safety rods, but with cadmium sheet instead of 
Boral as the neutron absorber. The motion of this rod 
is obtained with a reversible electric motor drive sys- 
tem. The traverse of the rod is 80 em, and approxi- 
mately 155 seconds are required for the movement 
from the “in” position to the “out” position. 

The fine control rod, which is used as an automatie 
power regulating rod, consists of a 1-in. diameter steel 
pipe with provision at the end for insertion of varying 
amounts of cadmium. At present, this rod controls ap- 
proximately 0.1 percent in reactivity. The automatic 
control feature utilizes a Brown servo-amplifier whose 
input is the difference between the signal from one of 
the electrometers monitoring the neutron level of the 
reactor and a variable standard signal. The output of 
the amplifier drives a two-phase motor (a chart-drive 
motor from a Brown chart recorder), which in turn 
drives the fine control rod through a suitable gear 
train. Each of the control rods is provided with a 
selsyn remote indicator. The installed control and 
safety rod mechanisms are shown in Fig. 3. 

Figure 4 shows a view of the instrument control 
panel which is located in a laboratory area immedi- 
ately adjacent to the reactor. Four neutron flux meas- 
uring instruments placed at different positions around 
the graphite reflector are used for monitoring the 
power level of the reactor. Two of these are BF, ioni- 
zation chambers connected to vibrating reed electrom- 
eters. The others are a boron-lined counter connected 
to a counting rate meter and a BF, proportional coun- 
ter connected to a scale of 128 sealing unit. A Brown 
recorder located in the instrument panel continuously 
records the signal from one of the ionization chambers 
to provide a permanent record of the reactor power 
level. Sensitrol relays are connected to the output ef 
each electrometer and to the counting rate meter. 
Operation of any one of these three relays will re- 
lease the safety rod latches and shut down the reactor. 

The gases that are evolved from the fission process 
and from the decomposition of the solution are col- 
lected in a gas accumulator tank of stainless steel of 
approximately 40 liters volume. The inside of this 
tank is divided by a Neoprene rubber bag, and the gas 
is collected between the outside of the bag and the 
inside of the tank. When necessary, the gas can be re- 
moved by transferring it from the accumulator to a 
storage vessel. 


CriticaL ASSEMBLY 


The critical assembly was performed by making 
successive additions of highly concentrated uranyl ni- 
trate solution to the reactor core. Prior to the addition 
of any fissionable material, 11,980 em* of distilled 
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Fic. 3. Control and safety rod mechanism. 


water was added to the stainless steel sphere, and the 
fuel system was flushed with helium. After each ad- 
dition of fissionable material, measurements were made 
on the change in reactivity produced by the addition 
of the U?*>,. The changes in reactivity were observed 
by the multiplication of a 5.7-curie Po-Be neutron 
source inserted in the central exposure facility up to 
the center of the tube through the sphere. The meas- 
urements were made with suitably located BF, ioniza- 
tion chambers, boron-lined neutron counters, and with 
indium foils (approx. 90 mg/em*) located in the 
graphite reflector, along a radial line from the edge 
of the sphere out to the edge of the graphite. Plots 
of the reciprocal counting rates as functions of the 
amount of fuel in the sphere permitted an extrapola- 
tion to the critical mass some time prior to the at- 
tainment of the critical state. Typical results are 
shown in Fig. 5, and from these the critical mass with 
all the control rods retracted is found to be 633.9 ¢ 
of 

A total of 638.2 g of U?*® was added to the reactor 
core. This amount of fissionable material was sufficient 
to give a divergent chain reaction with a period of 26 
see, corresponding to an excess reactivity of 0.21 per- 
cent. A mass coefficient of reactivity for the WBNS 
was determined to be 0.050 percent per gram of U?*°. 
The mass coefficient of reactivity for LOPO (1) was 
determined by means of a “boron bubble” experiment 
to be 0.0548 percent per gram of U**°, It is interest- 
ing to note here that these mass coefficients appear to 
be inversely proportional to the critical masses of the 
two reactors, that is, 


(Ak/AM) wane = 0.050 x 633.9 = 31.7, 
(Ak/AM) oro (Me) ore = 0.0548 x 565.5 = 31.0. 
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During ‘the critical assembly, measurements of the 
multiplication of the neutron source were also made 
with the coarse control rod completely inside the re- 
flector. Extrapolation of the reciprocal counting rate 
versus amount of U**> for these data indicates the 
absorption of the coarse control rod to be equivalent 
to 21 g of U**®. Using the afore-determined mass co- 
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Fig. 4. Control console for WBNS located immediately 
adjacent to the reactor room. 
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Fig. 5. Data obtained with three types of neutron de- 
tectors during the critical assembly of the WBNS. The 
reciprocal counting rates have all been normalized to 
unity with the sphere essentially full of water, with no 
fissionable material present. The extrapolated critical 
mass from these curves is 635.7 g of U™. This amount, 
less the 1.8 g equivalent absorption of the Po-Be source, 
gives a critical mass of 633.9 g of U™. 


efficient of reactivity, one finds that the coarse rod 
controls 1.05 per cent in reactivity. 


OPERATIONAL CHARACTERISTICS 


The WBNS is started into operation with a 250- 
millicurie Ra-Be neutron source inserted in the center 
of graphite stringer No. 4 (see Fig. 1). This source 
emits about 3x 10° neutrons/see, which results in a 
“shut-down” power level of the reactor of about 0.5 
milliwatt. A very large part of the operation is car- 
ried out with the source in place in the reflector. This 
results in quite a stabilizing influence on the operation, 
particularly at the low-power levels at which the re- 
actor is operated. 

Control and Safety Rod Effectiveness. The reac- 
tivity control of the safety rods individually, the two 
rods together, and the safety rods plus the coarse con- 
trol rod has been determined. Since the reactor load- 
ing and the amount of control by the coarse control 
are known, Kg, the reproduction factor for the re- 
actor, is known for the subcritical state produced with 
the safety rods withdrawn and the coarse control rod 
completely in the reactor. The relative multiplications 
of a Po-Be neutron source inserted into the sphere of 
the reactor were determined with this configuration of 
control and safety rods and with other appropriate 
suberitical configurations necessary to determine the 
amounts of control desired. The multiplication M in 
these subcritical states will be given by 


1 
(1) 


Then, from two measurements of relative multiplica- 
tions for different rod configurations, one obtains 
= [1- (2) 
- 
where M, and (k,¢¢)) are the multiplication and repro- 
duction factor for the known subcritical configuration, 
and M, is the measured multiplication for a configura- 
tion in which (k,¢-), is unknown. After values of Kory 
for these unknown configurations have been deter- 
mined, the amount of control in the rods is readily 
obtainable. 
The results of these measurements are shown in 
Table 1. It is to be noted that there is some shadowing 


TABLE 1. Reactivity control of control and safety 
rods in WBNS. 


Reactivity 

Rods Control (%) 
Coarse control rod 1.05 
East safety rod 1.45 
West safety rod 1.17 
Coarse rod and east safety 2.44 
Coarse rod and west safety 1.93 
East safety and west safety 2.44 
Coarse rod and both safety rods 3.27 


between the rods, since in none of the cases is the 
amount of control by the two rods together equal to 
the sum of the amount of control by each rod sepa- 
rately. The two safety rods are identical in construc- 
tion, but are located in different regions of the re- 
flector (see Fig. 1), so the difference in reactivity con- 
trol by these rods should be expected. 

Power Calibration. The power level of the water 
boiler has been determined by measuring the thermal 
neutron flux in the central exposure facility. The 
power P of the reactor is given by 


N 


108 


watts, 
where NV, is the number of atoms of U?** in the sphere, 
6,, is the fission cross section of U***, and nv is the 
average flux in the reactor core. From flux measure- 
ments in the Los Alamos water boiler (2), the average 
flux, nv, is determined to be 0.74 of the flux at the cen- 
ter of the spherical core. Since the WBNS is very 
similar to the Los Alamos reactor, the flux distribution 
and ratio of nv /(v) max Should be comparable. Hence, 
this value has been used for our determination. The 
neutron flux was measured with standardized indium 
foils that had been exposed to a known thermal flux. 
These measurements were then used to calibrate one of 
the BF, ionization chambers and the Brown recorder 
was used to monitor the power level of the WBNS. 
This absolute calibration is accurate to only about + 30 
percent because of a lack of accuracy in the standardi- 
zation of the indium foils. 

Gas Evolution. Gas evolution resulting from the 
dissociation of water on the absorption of fission 
product energy in the solution has been observed at 
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operating levels as low as 0.1 watt. The rate of gas 
evolution has been determined by the following pro- 
cedures. After a period of operation in which the total 
fission energy release is determined from integration 
of the recorded power level, the gas in the aceumulator 
system is removed into a known volume in which the 
pressure and temperature are measured. Samples of 
the gas are then analyzed*for hydrogen content by 
mass spectrographic means. The rate of hydrogen evo- 
lution is then determined from the amount of hydro- 
gen in the accumulator and the total operation for the 
period. 

Several measurements of this rate have been made 
after periods of operation totaling 30-50 watt hr. 
Data from operation of the Los Alamos HYPO ver- 
sion of the water boiler (1) indicated that the rate of 
gas evolution would be about 7-8 em® of hydrogen per 
watt hour of operation. Therefore, the afore-men- 
tioned periods were chosen to prevent the possibility 
of formation of an explosive mixture of hydrogen and 
oxygen in the closed accumulator system. The meas- 
urements show the rate of hydrogen evolution to be 
approximately 10 em* /watt hr. The determinations are 
consistent, but this value for the rate of evolution is 
subject to the uncertainty in the power level ealibra- 
tion previously mentioned. However, the rate deter- 
mined here is consistent with that obtained at Los 
Alamos. Further, there are indications that the rate is 
somewhat less (approx. 10-20%) at power levels of 
0.1 watt as compared to operation at levels up to 
1 watt. 

Neutron Flux Distributions. Thermal neutron flux 
distributions in various available regions in the graph- 
ite reflector and in the central exposure facility have 
been measured by the activation of indium foils. Both 


RELATIVE THERMAL NEUTRON FLUX IN CENTRAL 
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Fig. 6, Thermal neutron flux distribution in the central 
exposure facility of the WBNS. The flux has been normal- 
ized to unity at the center of this exposure facility, which 
is 3 in. below the geometric center of the sphere. 
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Fic. 7. Thermal neutron flux distributions at the top of 

two of the removable graphite stringers. The ordinate 
seale here is the same as that used in Fig. 3. 
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Fic. 8. Thermal neutron flux distribution in removable 
stringer No. 7. The distribution in stringer No. 2 has been 
plotted for comparison purposes. This latter distribution 
should be very similar to that in stringer No. 7 except for 
the effects of the control rod and east safety rod. The 
ordinate scale here is the same as that in Figs. 3 and 4. 


bare and cadmium covered indium foils were used at 
each point to give the cadmium ratio (defined by the 
ratio of bare foil activity to cadmium covered foil ae- 
tivity) as well as the thermal neutron flux in each 
region. Most of the data were taken with indium foils 
1 em? in area and approximately 90 mg /em? in thick- 
ness. The cadmium covers were small boxes made of 20 
mil cadmium sheet. For the flux distributions in the 
reflector, the foils were placed in a milled slot in the 
top of one of the graphite bars. This slot was just 
large enough for the foils to fit easily into it. The flux 
distribution in the central exposure facility was deter- 
mined with foils mounted on a 2-SO aluminum foil 
holder. This resulted in some “neutron streaming” 
along this hole through the reflector. During each ex- 
posure a monitor foil was placed in a standard geome- 
try in the reflector. The activities of these monitor foils 
permitted a suitable normalization of the activities of 
all the different foils. 
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The results of these measurements are shown in 
Figs. 6-8, where the flux is normalized to unity at the 
center of the sphere in the central exposure facility in 
the sphere. The cadmium ratio with these indium foils 
varies from 3.7 in the central exposure facility to 36.0 
at the edge of the reflector in stringer No. 1. The re- 
sults show essentially symmetrical distributions about 
a vertical plane through the center of the core and 
graphite reflector, with a peaking of the flux inside 
the spherical core. The perturbations introduced by 
the coarse control rod and the east safety rod are 
shown in the flux distribuiton along the top of stringer 
No. 7 in Fig. 8. One should expect the distribution here 
to be very similar to that in stringer No. 2 (Fig. 7), 
and this is observed except for the depressions caused 
by the two rods. The flattening by the coarse control 
rod is somewhat greater than that by the east safety 
rod, since the safety rod was completely withdrawn 
from the reflector, and the contribution to the flux 
depression is that of the void from which the rod has 
been withdrawn. The coarse control rod was with- 
drawn about 35 em which placed the end of the rod at 
approximately the outer edge of the stringer. 
Independent measurements of the flux distribution 
through the central exposure facility have been made 
with “lindium” foils (75% indium and 25% lead) 
0.2x1.0 em and of thickness approximately 70 
mg/em? of indium. The foils were placed in a ecylin- 
drieal graphite holder which essentially filled the void 
in the tube through the sphere. These results are pre- 
sented in Fig. 9, along with data taken in the LOPO 
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Fic. 9. Thermal neutron flux distribution in the central 
exposure facility of WBNS plotted as a function of the 
radius of the sphere along with similar data for LOPO 
at Los Alamos. 


sphere (2) with a U**5 ionization chamber. The two 
sets of data were normalized at the. common point, 
7.6 em from the geometric centers of the spheres. This 
normalization is believed to be better than any other 
because of the difference in the reflectors of the two 
reactors, BeO for LOPO and graphite for the WBNS. 
The flux in the WBNS appears to fall below that in 
LOPO at the edge of the sphere. This is to be ex- 
pected because of the greater production of thermal 
neutrons by the BeO reflector of LOPO compared to 
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those produced in the graphite reflector of the WBNS. 

Cadmium ratio measurements that have been made 
in the central exposure facility with foils of indium, 
gold, and manganese show that there is considerable 
fast neutron flux in the core of the WBNS: This prop- 
erty of a water boiler reactor could very possibly 
make it a useful source for the study of fast neutron 
radiation damage. 


EXPERIMENTAL USES 


The WBNS has been found extremely useful as a 
neutron irradiation facility where a thermal flux of 
the order of 10° to 10° is required. Subjects for irradi- 
ation can be placed in the central exposure facility or 
in one of the removable graphite stringers. There is 
also a flux of about 10° neutrons/em* see per watt 
available at the top of the vertical thermal column. 
The ecaleulated kx» for the reactor is 1.56, and hence the 
leakage probability is 0.360, so that a large leakage 
flux per unit power is available for experimental pur- 
poses. 

The various experiments in which the WBNS has 
already proved to be a valuable tool include: 

1. Testing and calibration of ionization chambers, 
boron trifluoride proportional counters, and boron 
lined counters for reactor instrumentation and neutron 
physies studies. 

2. Irradiation of foils to be used in the develop- 
ment of absolute counting technics. 

3. Irradiation of foils in the study of resonance 
absorption of neutrons in various elements. 

4. Study of radiation effects in structure-sensitive 
materials. 

5. Testing and calibration of health physies instru- 
ments. 

6. Testing of various materials for neutron absorb- 
ing impurities by the danger coefficient method to be 
described below. 

7. Irradiation of iridium for research by staff 
members of the Chemistry Department of the Uni- 
versity of California at Los Angeles on electron-trans- 
fer isotopic exchange reactions of iridium complex 
ions in aqueous solutions. ‘ 

Of great importance has been the use of the WBNS 
as a neutron source for exponential experiments (3). 
The vertical thermal column provides a rather large 
extended source of thermal neutrons on which various 
subcritical assemblies can be constructed. Neutron flux 
distributions are determined in these assemblies, which 
are mock-ups of the lattices in various types of re- 
actors under study. Information derived from the 
measurements in the subcritical assemblies has con- 
tributed to the general knowledge of reactor theory 
and has aided materially in the design of specific re- 
actor lattices. 

The WBNS is also well suited for thermal neutron 
absorption cross-section measurements by the danger 
coefficient technic (4). This technic involves the inser- 
tion of a neutron absorber in a reactor which produces 
a change in the reactivity. By properly calibrating a 
reactor control rod with the insertion of known 
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amounts of neutron-absorbing material into the re- 
actor core, the displacement of the control rod can be 
used as a precision measure of the absorption cross 
sections. Since the total neutron absorption cross sec- 
tion of the WBNS core is quite small (it has been 
calculated to be about 1440 em?), the WBNS is very 
sensitive to the effects of neutron absorbers inserted in 
the central exposure facilfty. 

Apparatus for this type of measurement with the 
WBNS consists of a BF, ionization chamber located 
between the shield and the reflector. The signal from 
the ion chamber is fed to a sensitive galvanometer 
(10-1° amp/mm) which is used as a null device. The 
current from the ionization chamber is balanced by 
current from a standard source consisting of a po- 
tentiometer and a set of precision resistors. This is 
used to monitor the power level of the WBNS. Ab- 
sorbing samples are placed in a specially fabricated 
graphite sample holder which is inserted in a repro- 
ducible geometry in the central exposure facility. The 
control rod position is indicated on a 36-in. steel scale 
which is mounted along side the channel in which the 
outer extremity of the control rod assembly moves ex- 
ternal to the shield. A vernier fixed to this movable 
end of the control rod slides along the steel scale. This 
arrangement permits one to determine the position of 
the rod to + 0.001 in. 

The control rod has been calibrated with standard 
samples containing 3.72 mg of boron in the form of 
Bakelite impregnated with boric acid. As would be 
expected from the location and configuration of the 
control rod, the reactivity control is a nonlinear fune- 
tion of the control position. At a rod setting of ap- 
proximately 26 em (the control rod withdrawn 26 em 
from the reflector), the reactivity control has been 
determined to be equivalent to 5.91 x 10-* em? of ab- 
sorption cross section per mil of control rod. This is 
based on a neutron absorption cross section for boron 
of 750 barns (5). In this region it is found that the 
critical position of the control rod can be determined 
to within + 0.002 in., so that the uncertainty in cross 
section for a given critical determination is + 1.2 x 10-* 
em*, Since two determinations of the critical position 
are required for a cross-section measurement, the un- 
certainty resulting from the control rod settings alone 
is then only + 1.7 x em?. 

From period measurements, the reactivity control of 
the rod in the aforementioned region is determined to 
be 0.0141 inh/mil of rod. Using the inhour equation 
for a water-boiler-type reactor (7), this is found to 
correspond to 4.33 10-° percent relativity per mil 
of rod, 

At a control rod setting of about 60 em, the effect 
of the control rod is equivalent to 8.3x 10-5 em? of 
absorption per mil of rod. In this region the critical 
position of the rod ean be determined to within + 0.008 
in., so that the uncertainty in a cross-section measure- 
ment resulting from the control rod settings is +10-* 
em?, 

The great advantage in sensitivity of the WBNS 
for measurements using this technic is shown when 
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one determines the effect on reactivity for a given 
cross section from the above data. This constant for 
samples placed in the central exposure facility of the 
WBNS is found to be 4.19 x10 em*/inh. This can 
be compared to the constant obtained for the Argonne 
graphite reactor (4) of 2.05 em?/inh. 

One of the problems associated with the danger 
coefficient technic is that of maintaining minimum 
extraneous reactivity changes in the reactor during the 
period required for the measurements. A method of 
surmounting this difficulty is to operate the WBNS 
at a very low power level, approximately 0.2 watt, so 
that changes resulting from temperature effects, power 
coefficients, and other variations in reactivity asso- 
ciated with high-power operation are minimized. The 
effects of any reactivity drifts are also greatly de- 
creased by performing the measurements in a cyclic 
time sequence, that is, the critical position of the con- 
trol rod is obtained for sample A, for sample B, and 
then for sample A again. The slow variation in re- 
activity is then averaged out. . 

To check the effects of possible variations in reac- 
tivity, a series of critical position determinations has 
been made at a power level of 0.2 watt during which 
nothing was changed in the WBNS except the small 
changes in the control rod required to determine the 
exact critical position. During the period required for 
the data taking, the reactor reactivity was observed to 
decrease, that is, the control rod had to be withdrawn 
slightly to keep the reactor critical. Plotting the eriti- 
eal position as a function of time during the experi- 
mental run, it was determined that the reactivity 
changed at an approximate rate of 1.05 10-* inh/ 
min. It should be noted that this rate of change of the 
activity varies from time to time and is not always 
negative. The value given here appears to be typical. 
A similar set of data was then taken at an operating 
power level about three times greater than the one 
used above. Again the reactivity was observed to de- 
crease, but at a rate of only 1.77 x 10 inh/min. Phe- 
nomena that are strongly suspected of contributing 
to this slow variation of reactivity with time include 
the slight heating of the solution by the absorption 
of the fission energy, the possible build-up of the gases 
of dissociation in the solution, or a combination of 
these along with others. 

In connection with the above problem, it is of in- 
terest to examine the uncertainty that a drift in re- 
activity of the magnitude observed would introduce 
in a cross-section measurement. The time difference 
between the two critical position determinations neces- 
sary for a cross-section measurement is about 1 hr. 
During this time a reactivity drift of approximately 
6.3 x 10-? inh might be expected on the basis of the 
above data. Thus, if no correction for the drift is 
made, an uncertainty in the cross-section determina- 
tion of only about 2.6 x 10-° em? might be introduced. 
However, this uncertainty can be reduced considerably 
by making the cyclic measurements mentioned above. 

It may be stated that the WBNS has proved to be 
an extremely versatile and useful tool for a great many 
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varied research programs. This type of reactor gives a 
very high neutron flux per unit power over a small 
region. The use of this particular design of a water- 
boiler-type reactor is somewhat limited because of its 


low power rating. However, with suitable design 
changes, the power rating can be increased many-fold 
so that a neutron flux of 10'* neutrons/em? see is 
easily obtainable. 


References 


1. Los Alamos Scientific Laboratory, “An Enriched Homoge- 
neous Nuclear Reactor,’ Rev. Sci. Instr. 22, 489 (1951). 

. Kine, L. D. P., and Scureiser, R. EB. “Distribution and 
Power Measurements in the Water Boiler,” AECD-3054, 
October 19, 1944. 


3. GLASSTONE, S., and EpLtunp, M. C. The Elements of Nu- 
clear Reactor Theory. New York: Van Nostrand, 1952. 
4. ANDERSON, H. L., et al. Phys. Rev. 72, 16 (1947). 


5. “Neutron Cross Sections,” AECU-2040, May 15, 1952. 


News and Notes 


Heavy-Water Reactor Conference 
in Oslo, Norway 


Aw international Conference on Heavy Water 
Moderated Nuclear Reactors was held in Oslo and at 
Kjeller, Norway, Aug. 11-13. The Conference was 
sponsored by the Dutch-Norwegian Joint Establish- 
ment for Nuclear Energy Research (JENER). There 
were about 100 participants, with representatives 
from most countries in the Western World. The 
program consisted of papers on reactor design and 
construction, kinetics and control, and neutron 
physics. Ample time was provided for discussions. 

In his opening address G. Randers (JENER) dis- 
cussed the possible use of heavy-water reactors in 
industry. Since most European countries are unable 
to procure enriched fuels at the moment and since 
even natural uranium is searce and relatively ex- 
pensive, a good moderator becomes essential. Further- 
more, the geometry of the reactor must allow an initial 
reproduction factor which is adequate for a 1% 
burn-up of the fuel. Thus the call for a heterogeneous 
heavy-water moderated natural-uranium reactor. De- 
sign studies for such a reactor to produce 5000 kw 
of electricity are being made at Kjeller. 

J. V. Dunworth (A.E.R.E., Harwell, England) 
underlined the advantages of using heavy-water as 
moderator in general. He maintained, however, that 
with the present high price of heavy-water it is 
difficult to make an electricity-producing reactor- 
plant which competes favorably with conventional 
plants. Where there is a need for a small, compact 
system the situation is more favorable. 

As a pleasant break in the discussions on future 
reactors, J. M. West (Argonne, U.S.A.) deseribed 
the latest Argonne research reactor CP-5. This re- 
actor is a result of the experiences gained at Argonne 
with their earlier heavy-water moderated research 
reactors CP-3 and CP-3’. The latter reactors were 
described in a later session by West from a paper 
prepared by 8. MeLain. CP-3, which operated from 
early 1944 to early 1950, contained natural uranium 
as fuel. CP-3’ and CP-5, on the other hand, contained 
enriched fuels. The maximum slow neutron fluxes 
were for CP-3 about 10°? em-? see, for CP-3’ at 
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275 kw 3,4x10'* and for CP-5 a ecaleulated average 
thermal flux at 1000 kw of 2x10'*. The reason for 
using enriched fuel in the latter reactors is to obtain 
a greater fission rate per unit mass of fissile material. 
Heavy-water is preferred to light-water as moder- 
ator due to the larger reactor core for experimenta- 
tion and the longer lifetime of slow neutrons. This 
makes the problem of control easier. 

In a paper on the past, present, and future of 
heavy-water reactors L. Kowarski (Saclay, France) 
stressed that a greater excess reproduction factor 
can be obtained with a heavy-water moderator than 
with a graphite moderator. As a result the reactor 
is easier to construct and to run. In a situation where 
the abundance of pure fissile materials is low, the 
natural-uranium heavy-water system offers the best 
solution as a power reactor. This situation may, 
according to the speaker, last for more than 20 years. 

A. M. Weinberg (Oak Ridge, U.S.A.) presented a 
description of the A.E.C. materials testing reactor 
(MTR) from a paper written by S. McLain. This 
reactor was designed so as to maximize the fast 
neutron flux. In order to-achieve this it is necessary 
to make the power per unit cross-section for scatter- 
ing of fast neutrons as high as possible. The volume 
of the reactor core for a given power is therefore 
made as small as possible. Highly enriched uranium- 
235 is used in the core and beryllium is used as 
reflector. At 30,000 kw the flux of uncollided fission 
neutrons is of the order of 10'* and the average slow 
neutron flux is 2x10'*. Weinberg also described 
briefly the Swimming Pool Reactor and the Homo- 
geneous Reactor Experiment at Oak Ridge. The 
strong coupling which exists between the temperature 
and power in the latter reactor was discussed. 

Some of the reactor projects in Europe were also 
treated briefly. L. Kowarski described the Saclay 
reactor, which is a natural-uranium-heavy-water re- 
actor which is cooled by blowing compressed nitrogen 
gas along the rods. J. Bernot gave an account of the 
cooling system. O. Dahl (Norway) and P. Scherrer 
and W. Ziinti (Switzerland) presented the plans for 
heavy-water moderated and cooled natural-uranium 
reactors with a heat generation of the order of 10,000 
kw. S. Eklund (Sweden) gave some details of the 
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nearly completed research reactor in Stockholm. 
Finally M. Bustraan (JENER) reported on some 
calculations on thermal breeding by M. Bogaardt and 
himself. 

The session on reactor kinetics and control began 
with a paper by A. Lundby (JENER) on the time 
behavior of the Kjeller research reactor (JEEP). 
From experiments by the Speaker and N. Holt on the 
response of the reactor to step function changes in 
reactivity the average lifetime of a neutron in the 
reactor was found to be about 2.10-* see. The effect 
of the delayed photoneutrons was dealt with. 

V. O. Eriksen (JENER) described measurements 
and calculations by W. Hiilg and himself on the 
Xe-135 poisoning in the reactor. After about 2 days 
operation at 250 kw the Xe-135 suppresses a re- 
activity of about 2.10-*. 

A theoretical paper by W. K. Ergen and A. M. 
Weinberg on some aspects of nonlinear reactor dy- 
namics was presented by Weinberg. The high power 
densities and large excess reactivities in more re- 
cently constructed reactors lead to a strong coupling 
between temperature and reactivity. The power in 
such reactors may change so rapidly that the stability 
of the system must depend on this coupling rather 
than on relatively slow acting contrel rods. Under 
the assumption of a negative temperature coefficient 
of reactivity the response of a reactor was calculated 
for different ways of extracting the heat. 


V. Raievski (Saclay, France) reported on re- 
activity measurements with a subcritical reactor and 
compared them with results obtained by measuring 
the stable period of a supercritical reactor. The ses- 
sion was closed by a description of the control system 
of JEEP by K. P. Lien (Norway). 

The last day of the Conference was devoted to 
neutron physies. A great number of short papers 
were given. The main speakers were J. A. Goedkoop 
(JENER) who reviewed beam experiments with 
JEEP, B. B. Kinsey (Canada) who discussed some 
results of recent gamma-ray studies at Chalk River, 
and P. A. Egelstaff (England) who gave results of 
measurements of pile spectra and cold neutron seat- 
tering experiments besides describing the fast chopper 
in Harwell. G. Randers closed the Conference by 
proposing the foundation of an International Nuclear 
Energy Society. The participants of the Conference 
agreed to this and suggested the establishment of a 
preliminary committee to work out further organiza- 
tional details. The aims of the Society would be to 
distribute information (possibly through a periodi- 
cal) organize meetings and standardize the nomen- 
clature and symbols used in the field. 


Arne LuNppBY 


Dutch-Norwegian Joint Establishment for 
Nuclear Energy Research 
Oslo, Norway 


Science News 


Two responses evoked by President Eisenhower's 
atomic proposals to the United Nations are as follows. 

Watson Davis, Director of Science Service, in- 
dicated that the chief value of the speech was that it 
provided an initial step toward cooperation, that 
the prime facts revealed were psychologic and diplo- 
matic for, if Russia adopted all the Eisenhower pro- 
posals tomorrow, it would not remove the danger of 
atomic war. Mr. Davis pointed out that the President 
mentioned specifically “fissionable materials,” which 
would not include the tritium, deuterium, or ordinary 
hydrogen that presumably is used in superbombs. 

The Federation of American Scientists issued a 
strong statement of endorsement saying that the 
proposal for an international agency to develop con- 
structive possibilities of the atom “would evoke en- 
thusiastie support and willing service from most sci- 
entists and engineers.” But the statement warned that 
“the road to abundant, useful atomic power is yet long 
and hard,” and said that both the United States and 
the Soviet Union could profit by cooperation. 


A survey published in the Dee. 7 issue of Chemical 
and Engineering News shows increasing nuclear energy 
activities in the countries of the free world. Further, 
the enormous budgets of the major powers do not dis- 
courage smaller countries, according to Gunnar 
Randers, director general of the Norwegian-Dutch 
reactor at Kjeller, Norway. He believes most of the 
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large expenditures have given results now sufficiently 
well known to save similar expenses for others. By 
concentrating on a project of particular interest, a 
small country can turn out specific results that eom- 
pare favorably even with those of the United States. 

The survey shows that nonmilitary nuclear energy 
projects are under way or well along in planning in 
Norway, the Netherlands, Belgium, France, India, and 
Switzerland. These newcomers to the field are empha- 
sizing either electric power from nuclear energy or 
radioactive tracers for chemical and medical research. 
There are also plans for power plants in Australia and 
Brazil. Germany is anxious to get into the field, but 
is still restricted by an Allied ban. In addition, the 
European Nuclear Research Center to be located .in 
Switzerland will pool the resources of Belgium, the 
Netherlands, France, Britain, West Germany, Greece, 
Italy, Sweden, Denmark, Norway, Yugoslavia, and 
Switzerland. Another international group may be 
formed soon, the International Nuclear Energy So- 
ciety; it would include participants from 19 coun- 
tries and would attempt to distribute information, 
organize meetings, and standardize atomie nomencla- 
ture and symbols. 


The Government of India is making an effort to 
raise the country’s standard of living substantially, 
by means of atomic energy. A project has been in- 
augurated to convert soil with a high monazite con- 
tent, plentiful in South India, into nuclear fuel. In 
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monazite there is 9% of radioactive thorium, and 
through an atomic pile this can be converted into 
energy. The reaction must first be started by the use 
of uranium, of which India has an adequate supply. 

The program was discussed by H. J. Bhabha, of 
the Tata Institute of Fundamental Research and 
chairman of the Indian Atomic Energy Commission, 
at an international conference on theoretical physics 
in Japan. Prof. Bhabha described the work being 
carried out by hundreds of scientists from India as 
well as by many brought from overseas. 

A special research center has been set up in Bom- 
bay in what was formerly an army installation. For- 
eign observers who have seen the plans and the work 
already in progress are greatly impressed with the 
way the Indian atomic project is being conducted. 
They point out that the Indians have the advantage 
of concentrating all their fissionable resources on a 
program for industrial use, whereas other countries 
have stressed the destructive aspects in the production 
of atomic energy. 


In December the Atomic Energy Commission re- 
newed its invitation to private industry to submit 
proposals for the investment of risk capital in the 
recently announced project to build a full-seale nu- 
clear reactor for generating electric power. The AEC 
is proceeding as rapidly as possible with necessary 
decisions on architect-engineering considerations, site 
selection, and operating specifications. Companies or 
organizations interested in participating should sub- 
mit proposals, prior to Feb. 15, to AEC Reactor De- 
velopment Division, Washington, D.C. 


The Geological Survey now possesses a modern 
“atomic clock” for dating mineralogical, archaeologi- 
eal, and prehistoric plant and animal remains. This 
clock, based on measurements of the natural radio- 
activity of carbon 14, is the invention of W. H. Libby 
of the University of Chicago. Its use offers one of the 
most fascinating achievements of the atomic age, and 
for the Survey has opened an entirely new approach 
to the study of the earth’s past, especially glacial and 
postglacial times. 

Atomic clocking is based on the observation that 
radioactive carbon 14, being manufactured constantly 
from the nitrogen in the atmosphere through cosmic 
ray bombardment and assimilated as carbon dioxide 
by living things all during life, provides a known 
fraction of tagged atoms whose rate of decay can be 
checked to determine, within certain limits, how long 
ago a given plant or animal lived. As long as an 
organism is alive, a balance is maintained between 
radioactive carbon and the ordinary variety. New 
radiocarbon is added as fast as the old disappears. 
When life ends no more is added, and in death the 
carbon timeclock begins to run down. Thus each piece 
of wood, for example, provides evidence of its abso- 
lute age, in addition to the evidence yielded by the 
calendar of its annual rings, which is limited to the 
life span of the tree from which it came. 
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Dr. Libby’s ingenious method involves the measure- 
ment of the very low radioactivity remaining in the 
carbon of, say, wood, bone, or seeds, when placed 
within a special arrangement of Geiger counters. 
The half life of carbon--14 is 5568 -years. Age de- 
terminations up to 20,000 years are fairly common- 
place today, but beyond this point accuracy falls off 
swiftly. 

The Department of Interior’s clock is a modification 
of the Libby method and was developed by Hans 
Suess, Geological Survey physical chemist. It further 
reduces the carbon to acetylene gas, which can be 
introduced into a Geiger counter without allowing con- 
tamination by air molecules. 


The General Electric Company has developed a 
powerful mechanical arm, named O-Man (for over- 
head manipulator), for use in radioactive areas where 
men could not survive. The machine was designed for 
the G-E Aireraft Nuclear Propulsion Department 
which is constructing an atomic aireraft engine under 
the sponsorship of the Atomic Energy Commission 
and the Air Foree. O-Man’s operator will run the 
controls from behind special glass windows, aided by 
binoculars or a telescope. The machine’s chief function 
will be to pick up heavy parts, position them, and 
fasten them into place. It can drill and tap holes, use 
power wrenches, hammers, or riveters, and if need be, 
can handle a sheet-metal saw. 


The first hospital designed specifically for atomic- 
age treatment, the Argonne Cancer Research Hospital 
at the University of Chicago, is the subject of an 
article by Robert Goldstein in Today’s Health (Nov., 
1953). The Atomie Energy Commission provided 
$4,200,000 for construction and will continue to defray 
operating expenses of approximately $1,000,000 a 
year. The main function of the hospital is to learn how 
radiation can help control cancer. Only two of the 
building’s eight floors ave for patient care. Two floors 
are devoted solely to fundamental research. Leon O. 
Jacobson, professor of medicine at the university and 
director of the hospital, emphasizes that the entire 
program comes under the heading of research. , 

The hospital has unusual safety factors such as 

8-in. conerete walls, plastic floors, and lead isotope 
containers that fit inside stainless steel tubes extend- 
ing 8 ft below the basement floor. Investigators watch 
certain operations through 3-ft thick windows con- 
taining a solution of zine bromide. Five of these win- 
dows cost $10,000. Further, a health physics section 
establishes safety methods and is responsible for 
checking patients, personnel, and laboratories for 
contamination. 
’ The institution is being equipped with a wider 
range of high-energy radiation machines than any 
other in the world. Nearly 300 untried radioisotopes 
will be evaluated and tested. Many of them are radio- 
active for very short periods, but isotopes can be de- 
livered quickly from nearby Argonne National Labo- 
ratory. 

One of the new devices to be used is the cobalt 60 
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“bomb,” which is 1800 times more powerful than 1 g 
of radium and is equivalent to a two-million-volt 
x-ray machine in producing energy. The “bomb,” like 
several other instruments being tested, is equipped so 
that it can be rotated around the patient. Extensive 
research will also be conducted on radioactive tracer 
techniques. The hospital’s facilities will be available 
to the Argonne National Laboratory and to 32 Mid- 
west universities and other research institutions that 
are participating members of the laboratory. 


An article in The Merck Report 62, 7 (Oct., 1953) 
entitled “Atomic Energy for Human Diseases,” by John 
T. Godwin, Head of the Division of Pathology, Brook- 
haven National Laboratory, outlines the following 
research. 

Investigation of possibilities of the use of short 
half-life isotopes and thermal neutrons in humans at 
the hospital of the Brookhaven National Laboratory 
has been carried out with the few radioactive isotopes 
found useful in human diseases. Radioactive phos- 
phorus (P**), produced through bombardment of 
stable P*! or S** by neutrons, with a half life of 14.3 
days, is considered the agent of choice in the treat- 
ment of polycythemia rubra vera. Administration may 
be orally or intravenously. Effects of a single dose are 
evident in approximately two months. Vaseular com- 
plications such as hemorrhage and thrombosis are 
reduced. 

Radioactive iodine (I'**), a by-product of uranium 
fission, has a half life of 8.14 days and deeays to stable 
xenon 131. This isotope has been used extensively in 
both the diagnosis and treatment of certain thyroid 
diseases. It is selectively concentrated in the thyroid 
colloid. It has been found useful in reducing the 
thyroid in patients with cardiac disease, and diffuse 
hyperplasia (Graves’ disease), nodular hyperplasia, 
and in certain types of metastatic thyroid carcinoma. 
In eases where surgery has failed, or is not indicated, 
radioactive iodine has been effective in the manage- 
ment of hyperthyroidism. An undesirable side effect 
is hypoplasia of the bone marrow. The potential car- 
einogenic effect of iodine 131 in patients treated for 
hyperthyroidism has not yet been elucidated. 

The short half-life isotopes are at present under 
investigation. Radioactive chlorine (Cl**), produced 
in the nuclear reactor by neutron bombardment of 
pure ammonium chloride, has a half life of 37.3 
min. A small number of cases have been treated in an 
attempt to reduce pleural and peritoneal fluid aceumu- 
lations in pleural metastases of breast carcinoma and 
in peritoneal implants of ovarian adenocarcinoma. 
Reduction of fluid has been obtained in some of these 
eases. There was evidence of radiation effects on the 
pleura and peritoneum, with damage to the tumor; 
in one case there was hypoplasia of the bone marrow. 
Radioactive gold (Au‘®*), produced by neutron bom- 
bardment of elemental gold, has a half life of 2.7 
days and decays to stable mercury 199. It has been 
used in a colloidal state, intrapleurally or intraperito- 
neally for metastatic carcinoma, in an attempt to 
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diminish the accumulation of fluid. Some success, al- 
though little actual tumor destruction, was observed. 

The application of the capture of thermal neutrons 
by boron atoms of mass 10, with a very high thermal 
neutron-absorption cross section, has been investigated 
in 10 eases of glioblastoma multiforme, since it was 
found that boron initially concentrates in certain 
brain tumors to a significantly greater degree than 
in the surrounding brain. E.M.L. 


Nuclear energy has provided new research tools for 
dentistry that point the way to increased knowledge 
of tooth structure and dental disease and treatment, 
according to five reports appearing in a recent issue 
of The Journal of the American Dental Association. 
Research projects in the field have been completed or 
are in process in 17 institutions, including dental 
schools, the National Institute of Dental Research, 
and institutions of the armed forces. Some 21 radio- 
active compounds have been used in investigations. 

“The developments which have oceurred since 1945, 
when radioactive compounds were released in large 
quantities from the uranium pile at Oak Ridge, have 
each year brought new developments in dentistry,” 
the Journal said, “and it appears now that dental in- 
stitutions will need to establish radioisotope labo- 
ratories where graduate students can be trained in the 
use of these new tools of dental science.” 


Scientists in the News 


Daniel H. Basinski of The Child Research Center 
of Michigan, Detroit, has recently aceepted a position 
as associate biochemist in the Department of Labo- 
ratories at Henry Ford Hospital. 


Herman Blaschko of Oxford University joined the 
Department of Pharmacology of the Yale School of 
Medicine in September as visiting lecturer and re- 
search associate. His work on the amine oxidases and 
on various aspects of amine metabolism has been of 
great importance. At Yale, studies initiated at Ox- 
ford by Dr. Blaschko and Arnold D. Welch on the 
concentration of epinephrine within cytoplasmic par- 
ticles of the adrenal medulla will be continued. 


The Navy has presented its highest civilian award, 
the Distinguished Public Service Award, to three re- 
search scientists of the Hereules Powder Company, 
Wilmington, Del., for “exceptional contributions to 
the United States Navy” by developing new propel- 
lants for guided missiles. Recipients of the awards 
were: Lyman G. Bonner, technical director of the 
Rocket Development Department at Allegany; Ralph 
F. Preckel, a research group supervisor; and Richard 
Winer, chief of the Rocket Development Department. 

D. M. Brown has been promoted to the position of 
head of the Department of Data Reduction and Com- 
putation, Willow Run Research Center, University 
of Michigan. 


D. Eugene Copeland, for the last 3 years on leave 
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of absence from Brown University to the Office of the 
Surgeon General, USAF, has been appointed profes- 
sional associate in the Division of Medical Sciences, 
National Research Council, to be associated with the 
Committee on Growth. 


William B. Deichmann has resigned as professor of 
pharmacology at the Albany Medical College to ac- 
cept an appointment as professor and director of the 
Department of Pharmacology at the University of 
Miami School of Medicine, effective Oct. 1. 


C. M. Hebbert, who has retired from his position at 
the Bell Telephone Laboratories, has been appointed 
to a professorship at the Polytechnic Institute of 
Brooklyn. 


The American Society of Anesthésiologists has 
elected Dennis Jackson, professor emeritus of phar- 
macology at the University of Cincinnati, to honorary 
membership in recognition of his service to the pro- 
fession. In 1915 Dr. Jackson developed in experiments 
with animals the basic techniques now used for human 
anesthesia. The Society’s distinguished service award 
this year went to Charles F. McCuskey of Los Angeles, 
past president of the American Board of Anesthesi- 
ology. 


D. T. O'Connor, chief of the Radiology Seetion, 
U.S. Naval Ordnance Laboratory at White Oak, 
Md., was awarded the First Annual Wiliam D. Coo- 
lidge Award as the author of the outstanding paper 
of the year on x-rays. The award was made jointly 
by the Society for Non-Destructive Testing and the 
X-Ray Department, General Electric Company. Mr. 
O’Connor’s paper, entitled “Industrial Fluoroscopy,” 
was published in the journal of the Society, and was 
presented at last year’s session as the Mehl Lecture 
by which the Society honors outstanding members. 


Jean Redman Oliver, professor of pathology in 
the College of Medicine at New York City, State Uni- 
versity of New York, has been named the first Dis- 
tinguished Service Professor of the University. Dr. 
Oliver, who has the longest record of service of any 
full professor on the faculty, will retire next spring 
after an association of 24 years. He is well known for 
his work in renal pathology, and is at present on leave 
from the University to conduct research for the U.S. 
Army Epidemiological Board on the renal lesions 
caused by epidemic hemmorhagic fever, a disease that 
has assumed considerable importance in connection 
with the troops in Korea. Until he accepted this eur- 
rent assignment, which is being carried out in Over- 
look Hospital, Summit, N.J., Dr. Oliver had been 
chairman of the Department of Pathology since 1929. 


Russell L. Perry, of the University of California 
Department of Agricultural Engineering at Davis, 
assumed new duties Sept. 1 on the university’s Los 
Angeles campus. Dr. Perry, who has been on the 
Davis campus for 25 years, transferred to U.C.L.A. 
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as a specialist in agricultural engineering but remains 
on the agricultural engineering faculty at Davis. He 
will be attached to the College of Engineering at Los 
Angeles. 


- 

Robert M. Salter has transferred, for reasons of 
health, from the position of chief of the Soil Conserva- 
tion Service to a post in charge of Soil and Water 
Conservation Research in the Agricultural Research 
Service. Donald A. Williams has been appointed act- 
ing administrator of the Soil Conservation Service. 
Mr. Williams has been in charge of the Agricultural 
Conservation Program since February and before that 
was assistant chief of the Soil Conservation Service. 


E. W. R. Steacie, president of the Canadian Na- 
tional Research Council, was Baker lecturer in chem- 
istry at Cornell University from November 10 to De- 
eember 15. Dr. Steacie lectured on “Photochemical and 
Free Radical Reactions.” 


H. W. Stunkard, of New York University, eom- 
pleted his second five-year term as Chairman of the 
Editorial Committee and Managing Editor of the 
Journal of Parasitology, at the end of 1953. He will 
be succeeded by George R. LaRue, Bureau of Animal 
Industry, U.S. Department of Agriculture, Beltsville, 
Md. All manuscripts submitted to the Journal after 
Jan. 1 should be addressed to Dr. LaRue. 


Education 


Cornell University hopes to have its new high-volt- 
age laboratory, replacing one destroyed by fire in 
1948, in fall operation within approximately a year. 
The massive windowless building of more than a 
half-million ecubie feet will have a testing bay that 
occupies most of its space. Railroad cars will run 
onto the testing floor to unload transformers, insula- 
tors, and other heavy efuipment. 

The center, which will be directed by Stanley W. 
Zimmerman, will be capable of testing to destruction 
almost any electrical insulator. Fifteen-ton trans- 
formers will be able to produce 1,000,000 v,* single 
phase, or 600,000 v, three phase. Capacitor networks 
will permit electrical surges as high as 3,000,000 v, 
with currents exceeding 25,000 amp. Engineers will 
be able to simulate a wide variety of conditions and 
to produce “standard” lightning strokes. Both man- 
made and natural lightning will be subjected to meas- 
urement. The laboratory will also be used for the in- 
vestigation of undesirable corona. 


The Division of Tribophysics, Commonwealth Scien- 
tific and Industrial Research Organization, East Mel- 
bourne, Australia, has moved into a new building on 
the grounds of the University of Melbourne. The 
Division was started during the war to assist with 
purely practical problems arising from wartime en- 
gineering difficulties. However, it has become a recog- 
nized authority on certain aspects of lubrication and 
bearing design, and has given a good deal of advice 
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to industry. Also, since surprisingly little is known 
about what happens when metals are subjected to such 
operations as cutting, rolling, pressing, and extruding, 
much of the Division’s werk lies in this field, and the 
new building has been designed and equipped with 
this in mind. 


Grants, Fellowships, and Awards 


The Nebraska Academy of Sciences has awarded 
the 1952 AAAS Research Grant to R. C. Lommasson 
of the Department of Botany, University of Nebraska, 
for his research project on the measurements of in- 
ternal tissues of cereals. 


The Commonwealth Fund annual report lists the 
following research grants for 1953 (for British and 
“Salzburg” fellowships, see Science 118, 178) : 


University of Alabama. R. J. Bing, Medical College of Ala- 
bama. Physiological studies of the heart and circulation. 

University of California. H. W. Magoun, School of Medi- 
cine. Study of functional interrelationships between the brain 
stem and cerebral cortex. 

University of Chicago. I. Gersh. Histochemical studies of 
the submicroscopic organization of cells and of extracellular 
substances. 

University of Chicago. H. Kliiver. Study of the porphyrins. 

University of Colorado School of Medicine. A. H. Wash- 
burn, Child Research Council. Study of growth and develop- 
ment. 

Cornell University Medical College. M. G. Wilson, New 
York Hospital. Study of rheumatic fever. 

Harvard Medical School. W. Bauer, Massachusetts General 
Hospital. Study of arthritis. 

Harvard Medical School. F. Lipmann, Massachusetts Gen- 
eral Hospital. Studies of cellular metabolism. 

Harvard Medical School. N. B. Talbot, Massachusetts Gen- 
eral Hospital. Pediatric endocrinological studies. 

Harvard Medical School. M. D. Altschule, McLean Hospital. 
Physiological studies of the pineal gland, with particular ref- 
erence to the psychoses. 

Harvard Medical School. D. Hume, Peter Bent Brigham 
Hospital. Study of the control of pituitary function. 

Harvard University. A. Weinstein. Genetic studies of the 
mechanism of crossing over. 

New York University. H. Teuber, College of Medicine. 
Studies of cerebral function. 

New York University. R. Chambers. Synthesis of studies 
of the living cell. 

University of Pennsylvania School of Medicine. T. N. Harris, 
Children’s Hospital. Study of the mechanism of antibody 
formation. 

University of Pennsylvania School of Medicine. S. 8. Cohen, 
Children’s Hospital. Chemical studies of virus formation. 

University of Pennsylvania School of Medicine. M. B. Lurie, 
Henry Phipps Institute. Studies of resistance and suscepti- 
bility to experimental tuberculosis. 

Tulane University. R. G. Heath, School of Medicine. Studies 
of schizophrenia. 

Washington University. P. Heinbecker and C. A. Moyer, 
School of Medicine. Studies of physiological controls center- 
ing in the pituitary gland. 

Yale University. M. J. E. Senn, Child Study Center. Study 
of emotional development in early childhood. 


Advanced Fellowships in Medicine and Allied Fields 

P. W. Guilbert, University of Montreal Faculty of Medicine. 
Nutritional research, Dept. of Pediatrics, Univ. of Pennsyl- 
vania School of Medicine, 2 yrs. 

G. B. Odell, Yale University School of Medicine. Metabolic 
disorders in children, Dept. of Experimental Medicine, Univ. 
of Cambridge, 1 yr. 

S. Reichlin, Washington University School of Medicine. 
Neuro-endocrinology, Institute of Psychiatry, University of 
London, 2 yrs. 

M. W. Spellman, Howard University College of Medicine. 
Third year of surgical training, University of Minnesota Med- 
ical School. 

P. K. Munter, Columbia University College of Physicians 
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and Surgeons. Psychiatry, Massachusetts Institute of Tech- 
nology, 1 yr. 

J. Cumming, University of Toronto Faculty of Medicine. 
Community health problems, Dept. of Social Relations, Har- 
vard University, 2 yrs. 

R. L. Gilmer, Stuart Circle Hospital School of Nursing. 
Advanced psychiatric nursing, Columbia and Maryland uni- 
versities, 1 yr. 


G. Lindzey, Harvard University. Didactic psychoanalysis, 
Boston Psychoanalytic Institute. 

R. T. Scholes, University of Rochester School of Medicine. 
Sociological and anthropological factors of health problems, 
University of Chicago, 6 mos. 

E. G. Dreyfus, Harvard Medical School. Public health and 
social science, Dept. of Social Relations and School of Public 
Health, Harvard University, 1 yr. 


The Damon Runyon Memorial Fund made the fol- 
lowing research grants during November: 
Institut Jules Bordet, Brussels, Belgium. H. J. Tagnon. 


Cancer research, $10,000. 


Hospital de Enfermedades de la Nutricion, Mexico. G. 
Montano. $5000. 


Cancer Society of Finland. Cancer research, $5000. 


University of Rochester. D. S. Tarbell. Carcinogenie action 
of 3,4-benzpyrene, $7500. 

Mount Zion Hospital, San Francisco. B. L. Freedlander. 
Chemotherapy of experimental mouse tumors, $7400. ~ 

Ohio State University. C. A. Doan. Investigations on uri- 
nary adrenocorticosteroids, $4500. 

Jefferson Medical College. C. W. Wirts. Gastric cancer 
detection studies, $5000. 

J. Heyman, Radiumhemmet, Sweden. Annual report on the 
results of treatment of carcinoma of the uterus, $1000. 

International Congress of Clinical Pathology. Support of 
third congress, $2500. 

National Committee of the International Union Against 


Cancer. To sponsor representatives to Vith Congress in Bra- 
zil, $3000. 


Columbia University. G. Godman. Renewal fellowship, 
$4200. 

The General Electrie Company, for the eighth eon- 
secutive year, will offer 50 preparatory and high school 
physies teachers from north central states, a special 
6-week study program at Case Institute of Technol- 
ogy. Teachers from the following states may apply: 
Illinois, Indiana, Iowa, Kentucky, Michigan, Mis- 
souri, Minnesota, Ohio, Western Pennsylvania, Ten- 
nessee, West Virginia, and Wisconsin. 

Applicants for General Electric Science Fellowships 
must be college graduates, must possess experience in 
preparatory or high school science teaching, and must 
be certified to teach in their respective states. 

The all-expense fellowship program will run from 
June 20 to July 30, 1954. Fellowship funds will cover 
living expenses on the Case Tech campus, books, 
tuition, fees, and travelling expenses to and from 
Cleveland. 


The University of Wisconsin invites professors to 
nominate from among their students in the natural 
seiences, including engineering, young men and women 
of unusual ability as candidates for the Wisconsin 
Alumni Research Foundation Assistantships. These 
awards carry a stipend of $1500 for the period July 
1, 1954, to June 30, 1955, with one month vacation; 
in special cases, awards will be made for the academic 
year with compensation of $1250 for this shorter 
period. In addition to the salary, recipients of these 
awards are exempt from payment of the non-resident 
tuition of $320 for the year, but are required to pay 
the general fee of $90 per semester required of all 
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students. The assistantships are renewable for a second 
year. 

Recipients of these awards are free to select their 
research problem in consultation with their major 
professors. They will, of course, be registered in the 
Graduate School and will receive full residence credit 
toward the graduate degree. Candidates in chemistry 
who wish to be considered for appointment in other 
fields that make extensive use of chemistry, such as 
bacteriology, biochemistry, botany, physiology, phar- 
macology, soils, and zoology, are requested to give 
their alternative choice in filling out the application 
blank. For graduate work beginning June 28 or 
Sept. 20, 1954, applications should be received by 
Feb. 15, 1954. 


Meetings and Elections 


The American Association of Colleges of Pharmacy 
has elected the following officers for 1953-54: pres., 
Edward C. Reif, University of Pittsburgh; pres.- 
elect, Joseph B. Burt, University of Nebraska; v. 
pres., Kenneth L. Waters, University of Georgia; 
chairman of executive committee, Louis C. Zopf, State 
University of Iowa; sec.-treas., Richard A. Deno, 
University of Michigan. 


The American Academy for Cerebral Palsy has 
elected the following officers for 1954: pres., Meyer 
A. Perlstein, Chicago, Ill.; pres.-elect., Lenox D. 
Baker, Durham, N.C.; sec.-treas., Harry E. Barnett, 
Chieago, Til. 


The American Institute of Chemical Engineers has 
elected the following officers for 1954: president, 
Chalmer G. Kirkbride, Houdry Process Corp., Phila- 
delphia, Pa.; v. pres., Barnett F. Dodge, Yale Uni- 
versity; treas., George Granger Brown, University 
of Michigan; see., Stephen L. Tyler. 


Officers for the American Medical Writers’ Asso- 
ciation for 1954 are: pres.-elect, Lee van Antwerp, 
Chicago, Ill.: 1st v. pres. W. W. Bauer, Chicago, 
Ill.; 2nd v. pres., Stewart Wolf, Oklahoma City, 
Okla.; see.-treas., Harold Swanberg, Quincy, Ill. The 
president for 1954, elected last year, is Jacob E. 
Reisch, Springfield, Il. 


The American Society for Professional Biologists has 
elected the following officers for 1954: pres., John M. 
Hale; pres.-elect., Austin W. Morrill, Jr.; treas., 
Ronald N. Wood. The new vice presidents are John 
R. Walker, Stefan Ansbacher, Dale Lindsay, and 
George Foley. 


The Botanical Society of America has elected the 
following officers for 1954: pres., Adriance S. Foster, 
University of California; v. pres., Oswald Tippo, 
University of Illinois; treas., Harry J. Fuller, Uni- 
versity of Illinois; see., Harriet B. Creighton, Welles- 
ley College. 
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The Committee for the Scientific Study of Religion 
held its fall meeting at Harvard University on Nov. 
21. A program of papers in the fields of anthropology, 
psychology, and sociology was presented. The next 
meeting was set for April 10 in New York. Social sci- 
entists with empirical research to report in the area 
of religion should submit, by Feb. 15, three copies of 
an abstraet, not over three hundred words, to Dr. 
David Barry, National Council of Churches, 297 4th 
Ave., New York 10. For membership information write 
the secretary, Dean W. H. Clark, Hartford School of 
Religious Education, Hartford 5, Conn. 


Initial steps have been taken for the formation of 
the National Pharmaceutical Council, Inc. The found- 
ing group of the new organization met in Atlantic 
City on Dee. 1-2, 1953. The announced purposes of 
the Council are: 


To benefit public interest by promoting the highest 
professional standards in the manufacture, distribution, 
and dispensing of prescription medication and other phar- 
maceutical products. 

To benefit the pharmaceutical industry by promoting 
publie relations programs on behalf of pharmacists and 
others in the industry. 

To promote the interests of the public, physicians, 
pharmacists, and others in the pharmaceutical industry 
by encouraging the highest standards of ethies and in- 
tegrity in the manufacture, distribution, and dispensing 
of prescription medication and other pharmaceutical 
products. 

To collect and disseminate information concerning 
laws, regulations, and governmental agencies dealing with 
the manufacture, distribution, and dispensing of presecrip- 
tion medication and other pharmaceutical products as a 
contribution to the better understanding thereof in the 
publie interest. 


Member companies in the new organization are: 
Abbott Laboratories; Ciba Pharmaceutical Products, 
Ine.; Hoffmann-LaRocehe, Inec.; Lederle Laboratories; 
MeNeil Laboratories,-Inc.; The William Merrell 
Co.; Pfizer Laboratories (& J. B. Roerig & Co.); 
G. D. Searle & Co.; Smith, Kline & French Labora- 
tories; E. R. Squibb & Sons; The Upjohn Co.; and 
Winthrop-Stearns, Ine. 

Theodore G. Klumpp was elected president, and 
the vice presidents are L. J. Barrett, Franklin P. 
O’Brien, O. J. May, and Henry Wendt, Jr. John 
Bradley and L. J. Sichel are secretary and treasurer, 
respectively. 


A Symposium on Orthopteran Acoustics will be held 
April 5-8, 1954, at the Laboratoire de Physiologic 
Acoustique de l’Institut National de la Recherche 
Agronomique, Jouy-en Josas (Seine & Oise), France. 
Certain specialists have been asked to act as reviewers 
and give general expositions, notably: for Germany, 
H. Autrum, University of Wiirzburg and W. Jacobs, 
University of Munich; for England, R. J. Pumphrey, 
University of Liverpool; for Italy, E. Benedetti, Uni- 
versity of Parma; for the United States, H. Frings, 
Pennsylvania State College. Inquiries should be ad- 
dressed to the Laboratoire de Physiologie Acoustique. 
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Miscellaneous 


The urgent need by official agencies for scientific 
information on disaster problems and the opportunity 
to foster basic scientifie work in a variety of fields 
have caused the National Academy of Sciences—Na- 
tional Research Council to set up a Committee on 
Disaster Studies under -the Council’s Division of 
Anthropology and Psychology. Because of the in- 
creasing interest in disaster research, the many dis- 
ciplines involved, and the great need for exchange of 
information in this field, the Committee has estab- 
lished a Clearinghouse for Disaster Studies. The Com- 
mittee would like to receive available reprints and 
reports, especially unpublished reports, on disaster 
studies, or related research, and would appreciate 
communication with the investigators of any “in- 
progress” studies. The Clearinghouse will then be 
able to make available a currently useful reference 
source. Information should be directed to the Com- 
mittee on Disaster Studies, National Academy of 
Sciences, 2101 Constitution Ave., Washington 25, D.C. 


The following chemicals are wanted by the Registry 
of Rare Chemicals, Armour Research Foundation of 
Illinois Institute of Technology, 35 W. 33 St., Chi- 
eago, Ill., 16: N-methyl-6(1) -pyridone-3-carboxamide ; 
2,1,3,4-tetrazole-5-earboxylie acid; cis-diphenylethy- 
lene oxide; 4-methoxyproline; 1-methylxanthine; eap- 
saicin; cinchol; kynurenine; L-limonené; gymnemic 
acid; 6-methylindole; 1,4-dibromo-2-butyne; 3,5-di- 
hydroxycinnamie acid; pyrazine-2.3-dicarboxylie acid ; 
4-methyltryptophane; glyeyrrhetinie acid; amygdalin; 
delta-toecopherol; ornithurie acid; and protoanemonin. 


At its 1952 meeting in Rome, the International 
Astronomical Union undertook the project of issuing 
a revision of Astronomical Observatories and As- 
tronomers, the last edition of which came out in 
1936. This publication lists official observatories, as- 
tronomical societies, and periodicals dealing with as- 
tronomy. As in the past, the Royal Observatory of 
Belgium will assume the editorial work. At present 
it is distributing questionnaires. All astronomical in- 
stitutions that have not received the questionnaire by 
Jan. 1, 1954, should request one from the Observa- 
toire Royal, Uecle-Bruxelles, Belgium. 


Necrology 


Augustine J. Annunziata, 54, head of the Pediatrics 
Department of Mother Cabrini Hospital, New York, 
N.Y., Nov. 19; Sir Lancelot Barrington-Ward, 69, 
surgeon, London, England, Nov. 17; E. Bataillon, 85, 
experimental embryologist and professor emeritus of 
zoology, University of Montpellier, France, Nov. 1; 
Carl E. Buck, 62, professor of public health at the 
University of Michigan School of Public Health, Ann 
Arbor, Mich., Nov. 21; George P. Burns, 82, professor 
emeritus and former chairman of the Department of 
Botany, University of Vermont, Burlington, Vt., Nov. 
14; Edward H. Cary, 81, former president of the 
American Medical Association and dean of the Baylor 
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Medical School, Houston, Tex., Dec. 11; Paul S. Clapp, 
63, retired electrical research engineer, New York, 
N.Y., Dee. 5; Clarence E. Earle, 60, inventor and 
former chief of the Chemical Research and Develop- 
ment Section, Bureau of Aeronautics, Washington, 
D.C., Nov. 25. 

K. George Falk, 73, biological chemist, public health 
aide, author, and president of the Hebrew Technical 
Institute, New York, N.Y., Nov. 22; P. W. Fattig, 72, 
entomologist and curator of the Emory University 
Museum, Atlanta, Ga., Dee. 7; Walter K. Fisher, 75, 
professor emeritus of zoology and former director 
of Hopkins Marine Station, Stanford University, 
Pacifie Grove, California, Nov. 2; Edward M. Frankel, 
60, research chemist and chemical engineer, New York, 
N.Y., Nov. 19; M. I. Graves, 86, internist and former 
president of the Texas Medical Association, Houston, 
Tex., Nov. 19; Harry C. Guess, 65, faculty member at 
the University of Buffalo Medical School, Buffalo, 
N.Y., Dee. 2; Herbert E. Ives, 71, electron-optical 
scientist, developer of 3-D photography, wirephoto 
transmission, and television, and former vice presi- 
dent of AAAS, Upper Montelair, N.J., Nov. 13; 
James H. King, 61, marine engineer and former presi- 
dent of the Society of Naval Architects and Marine 
Engineers, Scarsdale, N.Y., Nov. 14; Stephen W. 
McClave, Jr., 72, engineer, Englewood, N.J., Nov. 24; 
Wilfred G. McConnel, 84, retired civil engineer, Stam- 
ford, Conn., Nov. 21; Charles F. Menninger, 91, 
psychiatrist, founder of the Menninger Clinic, Topeka, 
Kans., Nov. 28; J. Hillis Miller, 54, former professor 
of psvehology and president of the University of 
Florida, Gainesville, Fla., Nov. 14. 

Elsie B. Naumburg, 73, ornithologist and staff mem- 
ber at the American Museum of Natural History, 
New York, N.Y., Nov. 26; George E. Partridge, 83, 
psychologist and former lecturer at Clark University. 
Worcester, Mass., Nov. 16; Stefan Pienkovsky, chief 
of atomic research in Poland. Warsaw, Nov. 21: 
Frank H. Pike, 79, neurologist, former professor, and 
lecturer at the College of Physicians and Surgeons, 
Columbia University, New York, N.Y., Nov. 13: 
George Rosengarten, 66, professor of physies and 
mathematics at the Philadelphia College of Pharmacy 
and Science, Philadelphia, Pa., Nov. 23; Conley H. 
Sanford, 60, professor and chief of the Division of 
Medicine of the University of Tennessee College of 
Medicine, Memphis, Tenn., Nov. 16; Reed A. Shank, 
61, surgeon and former faculty member of the Uni- 
versity of Cincinnati College of Medicine, Nov. 26: 
Timothy W. Stanton, 93, former professor and retired 
chief geologist of the United States Geological Sur- 
vey, Washington, D.C., Dee. 4; Harold A. Titcomb, 
78. consulting and mining engineer. Farmington, Me.. 
Nov. 26; Oldrich Tomicek, 62, professor of analytical 
chemistry at the University of Prague, Czechoslovakia, 
Oct. 21; Philip W. Woods, 45, dental consultant for 
the Welfare and Retirement Fund of the United Mine 
Workers of America, Takoma Park, Md., Dee. 10; 
Pope Yeatman, 92, mining engineer, Philadelphia, 
Pa., Dee. 5. 
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Alan D. Conger? 


Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


The ionizing radiations emitted from a nuclear deto- 
nation are additional biological hazards that exist over 
and above the usual ones of blast effects from ordi- 
nary explosions. Although much was known about the 
biological effects of the various types of radiation 
when they are given singly in the laboratory, there 
was good reason to suspect that the biological effect 
might be greater when these radiations are emitted as 
a mixture of all types and energies and at extremely 
high intensity, as they are from a nuclear detonation. 
So, prior to the planned biological experiments at 
nuclear detonations, there was genuine cause for un- 
certainty about how much damage could be expected. 


TABLE 1. 


Technical Papers 


The Relative Biological Effectiveness of 
Radiation from a Nuclear Detonation 
on Tradescantia Chromosomes? 


quantitatively how much living material is affected 
unless, in the future, biological materials prove to be 
as easy to handle and as commonly available as are 
physical dosimeters. It is necessary to know the quan- 
titative relation between dose and biological effect of 
the radiation, and also how this compares with the 
dose-effect relation of the same radiations, delivered 
by the usual laboratory sources. With this knowledge, 
the large background of laboratory radiation experi- 
ence can be applied to the nuclear detonation results, 
This means that there must be dose measurements 
(i.e., by physical instruments) and biological meas- 
urements of effect for both laboratory and nuclear 
radiations, and that the usefulness of the biological 
data for conclusions about the biological damage of 
nuclear radiation will be dependent on the accuracy 
of measurement by these two, physical and biologieal, 
instruments. These remarks will explain the necessity 
for the marked preoccupation in this and the follow- 
ing “biological” papers on the relation of physical 
measurements to the biological effects observed. 

The flowering plant Tradescantia was an obvious 


Trradiation conditions in three control experiments. 


The control experiments are designed to simulate field conditions of: (1) gamma rays—flash exposures of differ- 
ent total doses; (2) fast neutrons—at high intensities; (3) airplane exposures—to mixed radiation in an atomie cloud 


at 0.4° C and 380 mm Hg pressure. 


Type of 


Experiment at 
radiation 


Intensity 


Conditions 
(temp., 
pressure ) 


Measured by 
(accuracy ) 


(1) Gamma ray Hard x-rays 250 
kvp, 30 ma; % 
mm Cu, 3 mm 


Al filters 


Fast neutrons from 
uranium fission 4 
Mev maximum, 
1 Mev average 


r/min 


(2) Fast neutrons 


(3) Airplane Gamma rays from 4.6 r/min 


Co” 


650 r/min and 504 


3.4 n units/min 


Victoreen r-meter n.t.p 24° C 
(+3%) 


Viectoreen r-meter 


n.t.p 25° C 
(+ 20%) 


Gamma-ray thimble 
ionization chamber 


(+1%) (4) 


+0.4° C, 380 mm 
Hg pressure for 
10 min before, 
during, and 10 min 
after exposure 


For the resolution of these problems, certain con- 
ditions must be met. In the first place, it is not enough 
merely to expose living material to nuclear radiation 
and then observe that it is affected—this tells nothing 
not already known. Neither is it enough to measure 


1 Work performed under Contract No. W-7405-Eng-26 for 
the Atomic Energy Commission. 

2It is difficult to acknowledge all the individuals who have 
contributed in programs related to this one. Dorin S. Daniels 
and Lucile M. Fairchild did much of the Tradescantia work, 
the former at both Oak Ridge and the test site. Allyn W. 
Kimball and George Atta developed and applied the statisti- 
cal analysis used throughout. Charles W. Sheppard advised 
and very generously helped from beginning to end. The author 
particularly wishes to acknowledge his indebtedness to Robert 
E. Carter whose efforts were responsible for many of the 
facilities and much of the information that was used in com- 
mon by all the other biological investigators. 
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choice for experimentation of this sort, since a fun- 
damental effect of radiation on all cells, chromosomal 
aberrations resulting from chromosome breaks, can be 
quantitatively measured in it, and its response under 
different radiative and environmental conditions was 
already well known. Lea (7) and Catcheside (2) give 
complete presentations of Tradescantia methods, ex- 
perimental data, and theory. 

At an early nuclear test operation it was proposed 
to expose Tradescantia to the nuclear radiation, but 
excluding blast and thermal effects, in three different 
situations, namely, (1) to the mixed radiation experi- 
enced inside an airplane flown through an atomic 
cloud (the “mushroom”) at various altitudes, (2) to 
essentially pure gamma rays, inside thin protective 
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containers (gamma-ray stations), at increasing dis- 
tances along the ground from the nuclear device, and 
(3) to mostly fast neutron radiation received inside 
special 7-in.-thick lead hemispheres (neutron stations), 
placed along the ground closer to the nuclear device 
than the gamma-ray containers. Physical instruments 
of various kinds were placed along with the Trade- 
scantia and other living’ material in these three dif- 
ferent situations. 

Prior to the tests, Tradescantia was irradiated at 


TABLE 2. Gamma-ray control experiment. 
X-rays, 250 kvp, 30 ma, % mm Cu+3 mm Al 
Irradiated in resting stage; chromosome aberrations 
observed 4 days later 


ene. Aberrations 
D No. No. at per cell 
ose tion 
(r) of of normal 
buds cells 7 Ex- Dele- 
cells 
changes tions 
Intensity, 605 r/min 

27 7 1301 0.96 0.014 0.028 

54 6 868 0.93 0.024 0.053 
108 8 650 0.78 0.11 0.13 
217 7 650 0.50 0.24 0.39 
433 7 317 0.08 0.90 1.44 

Intensity, 504 r/min: 

50 9 850 0.90 0.032 0.074 
101 6 592 0.79 0.12 0.14 
151 4 317 0.68 0.17 0.23 
202 8 549 0.53 0.28 0.34 
403 5 250 0.08 0.89 1.12 
605 8 400 0.005 1,50 2.25 

TABLE 3. Fast neutron control experiment. 


Fast neutrons from uranium fission, 4 Mev maximum, 
average 1 Mev 3.1 n units/min 
Irradiated in resting stage; chromosome aberrations 
observed 4 days later 


Aberrations 
Dose No. No. ti 2 per cell 

(n of of 

units) buds Ex- Dele- 

— changes tions 

4 6 650 0.67 0.16 0.25. 

8.1 1 100 0.47 0.32 0.49 

16.2 4 150 0.21 0.66 0.80 

24.2 5 249 0.11 0.85 1.31 

32.4 3 150 0.05 1.18 1.65 


Oak Ridge in a series of control experiments designed 
to simulate as closely as possible the conditions antici- 
pated in the three different nuclear test irradiation 
situations just mentioned. The irradiation conditions 
for these control experiments are given in Table 1 and 
the biological results in the succeeding Tables 2, 3, and 
4. It is important to mention that the usefulness of the 
control data is dependent on how closely the (perti- 
nent) control conditions actually simulated the test 
conditions. Proper simulation was achieved in all cases 
but one, but fortunately there were data which were 
independent of the particular variable which differed 
between test and control. 


January 1, 1954 


TaBLe 4, Airplane control experiment. 
Co” gamma rays at 0.4° C, pressure of 380 
mm Hg, 4.6 r/min 
Irradiated in prophase; chromatid aberrations 
observed 21-24 hours later 


Aberrations 


One-hit types 


25 4 187 0.82 19 9 0.15 0.032 

50 10 853 0.69 127 118 0.29 0.057 
100 6 429 0.42 146 142 0.67 0.10 


200 6 275 «600.13 «#190 156 1.26 0.42 


For these tests, two things are observed, biological 
effect and physical dose from both the test radiation, 
and, since we desire also to know how the nuclear 
detonation compares with laboratory experience, from 
laboratory radiation. From the test exposures, it is 
desired to estimate biologically the unknown radiation 
dose x’ received at a station from the observed aber- 
ration frequency y’ caused by it. This estimate is made 
by using the data from the appropriate control ex- 
periment in which the aberration frequency y caused 
by a known dose z of the same radiation has been 
measured. Aberration frequency is related to ioniza- 
tion dose as y=a+bzx for the “one-hit” aberrations, 
and y =d+ex+fx* for the “two-hit” or exchange aber- 
rations, which for more accurate statistical treatment 
is expressed as =a’ + 

The solutions of these equations, by least-squares 
fits to the data from control experiments in Tables 2, 
3, and 4, is given in Table 5. It ean be seen that changes 
in the type of radiation and in the environmental con- 
ditions during irradiation have a pronounced effect on 
the yield of aberrations from a given dose. 

The point estimate of nuclear radiation dose 2’ re- 
ceived at any one station is 


(for linear cases) 


and 
_Vy¥-@ 


(for quadratic eases). 

The confidence intervals for the dose estimates may 
be obtained with a straightforward application of a 
method described by Mood (3). 

Airplanes. The biological results and dose estimates 
from the airplane exposures are given in Table 6. It 
will be noticed that the dose estimates from the essen- 
tially “one-hit” (chromatid plus isochromatid dele- 
tions) and the “two hit” or interchange aberrations, 
both of which are from the same population of cells, 
differ from each other. This is because the radiation 
intensity differed among the various airplanes, and 
also from the control experiment. In this case, it is 
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TABLE 5. Regression equations to the control data from least-squares fits. 


=a+bx 
Control Chromatid y or 
Type of radiation, Type of Be 
observations 
a b 
X-rays at high intensity; for gamma-ray 2 Chromosome Exchanges Vy 0.101 0.00194 
station 2 Chromosome Deletions Vy 0.122 0.00234 
Fast neutrons; for neutron hemispheres 3 Chromosome Exchanges 7] 0.0373 0.0351 
(n units) 3 Chromosome Deletions y 0.0577 0.0496 
Gamma rays at 0.4° C and 380 mm Hg 4 Chromatid One hit y — 0.00783 0.00640 
pressure; for airplanes (r) 4 Chromatid Interchanges Vu 0.0947 0.00268 


TABLE 6, 


Biological observations and dose estimates in airplanes. 


Chromatid aberrations observed 21-24 hr after irradiation. 


Biological observations 


Dose estimates (r) and 90% 
confidence intervals 


Air- ; chs 
plane No. No. From Cd. + Isoed. From interchanges 
— per cell changes Dose 90% Dose 90% 
per cell est. conf, est. conf. 
a 6 303 0.34 0.74 0.17 117 101-133 120 74-171 
b 9 332 0.48 0.45 0.17 71 54-87 118 75-167 
¢ 2 106 0.49 0.49 0.23 78 61-93 142 97-195 
d 12 475 0.78 0.21 0.02 34 16-51 19 0-66 
e 13 371 0.57 0.46 0.07 73 56-89 66 14-112 
f 5 205 0.18 1.13 0.30 178 160-196 170 124-232 
8 236 0.94 0.05 0,004 8 0-26 
h 14 317 0.92 0.07 0.003 12 0-30 — — 
11 238 0.91 0,09 0 16 0-33 _- — 


justified to ignore the results from the intensity-de- 
pendent interchange aberrations and to utilize only 
the intensity-independent “one-hit” aberrations, thus 
eliminating the one variable, intensity, known to differ 
in the control and the test exposures. In this way the 
results given in Table 7 are obtained. In this table 


TABLE 7. Dose measurements in airplanes by Trade- 
scantia and NBS film packs (roentgens). 


Airplane Tradescantia Film 
a 117 112 and 104 
b 71 66and 62 
78 80 and 84.5 
d 34 35.5 
e 73 54 
f 178 135 
g 4.5 
h 12 11 
i 16 18 


are compared the dose estimates from Tradescantia, 
by one-hit (chromatid-plus-isochromatid) aberrations, 
and the dose measurements by National Bureau of 
Standards film packs which were exposed with the 
Tradescantia. It can be seen the agreement between 
measurements of dose by the film packs and by Trade- 
scantia is quite good. 

The yield of chromatid-plus-isochromatid (one-hit) 
aberrations from the airplanes is plotted against dose 
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measurements by the NBS film packs in Fig. 1. The 
plotted line is the yield of these same aberrations 
against dose from the control experiment (Table 5, 
the least-squares fit). It will be seen that the dose esti- 


10- 
os- ~CHROMATIO + ISOCHROMATIO, CONTROL 
50 100 150 
DOSE ir) 
Fig. 1. Production of chromosomal aberrations inside 


airplanes flown through an atomic cloud, and by control 
radiation in the laboratory. ©, chromatid plus isochro- 
matid aberrations vs. dose (r) measured by NBS film 
packs in airplanes. , same aberrations vs. dose (r) 
of Co” gamma rays from laboratory control experiment. 
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mates from the aberration frequency points can be 
obtained visually by striking off their intersects with 
the control curve, and reading the dose off the abscissa. 
The fit of the Tradescantia aberration yields from the 
airplanes to the control curve against dose is depend- 
ent on: (1) the accuracy of the dose measurements in 
the control experiments, (2) the accuracy of the dose 
measurements by the NBS film packs exposed in the 
airplanes with the Tradescantia, and finally, (3) the 
equality or nonequality of Tradescantia response to 
control and nuclear radiation. Dose measurements in 
the control experiment are accurate to +1%, or +5% 
at the very worst. The film packs are probably ac- 
curate in most cases to ca. + 10%, since the radiation 
received inside the airplanes was mostly gamma rays 
plus a small amount of hard beta rays. This amounted 


the ground from the nuclear device. Tradescantia and 
mice were exposed at a number of gamma-ray stations 
along with ionization chambers and film packs both 
inside and outside the exposure containers. The results 
are given in Table 8. It is seen that for most stations 
the dose estimates from “deletions” (chromosome ter- 
minal deletions plus minutes) are lower than the esti- 
mates from “exchanges” (chromosome dicentries plus 
rings). It is common experience that when slide prepa- 
rations are poor (as were those from the test ex- 
posures) fewer deletions are observed than when slides 
are good. This is understandable, for most of these 
deletions are small dot fragments which can escape 
microscopic observation in poor preparations. The 
slides from the nuclear tests were much poorer than 
those obtained from the control experiments, which 


TABLE 8. Biological observations and dose estimates in gamma-ray stations. 
Chromosome aberrations observed 4 days after irradiation. 


Physical dose 


Dose estimates(r) and 90% (r) from 
confidence intervals least-squares 
Biological observations eurves 
Station From deletions From exchanges Tonise 
NBS 
No No Frac- Dele- Ex- film Bm: 
tion tions changes Dose 90% Dose 90% packs, 
normal per per est. conf. est. eonf. outside inside 
7 cells eell eell 
a 3 44 0.52 0.34 0.27 197 158-237 217 174-260 210 175 
b 10 202 0.41 0.42 0.44 224 184-263 290 248-334 315 270 
e 4 191 0.12 0.83 1.03 337 298-377 462 417-509 470 415 
d 6 97 0.03 1.20 1.38 416 376-455 554 507-604 615 550 
e 1 34 0 3.18 1,97 710 670-751 672 621-727 750 680 


to good conditions for these instruments. With the 
dosimetry thus properly resolved it can now be deter- 
mined if Tradescantia responds equally to control and 
nuclear test radiation. It is obvious from the graph 
that it does, for at most doses the aberration yield 
falls on or almost on the control line curve. If the air- 
plane radiation were, for example, more effective than 
the control, the points should all fall uniformly above 
the control line. The worst case, at the highest dose is 
only 24% off the line, and in this airplane other bio- 
logical measurements also departed from the films in 
the same direction, suggesting that this particular 
measurement may have been in error. The others devi- 
ate by only 10% or less. 

Taking all the data, it ean be said that the radiation 
received inside an airplane from an atomic cloud has 
a relative biological efficiency (RBE) to Co®® gamma 
rays of about 1, and this is accurate to about 20%, 
perhaps less. Mice which were exposed with Trade- 
scantia gave about the same result. The physical in- 
struments are therefore reliable indicators of the 
amount of biological damage that will be caused, and 
physical measurements plus laboratory experience will 
predict the radiobiological effect caused in airplanes 
flown through atomic clouds. 

Gamma Rays. The second situation investigated was 
the effect of gamma rays at increasing distances along 
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probably accounts for the low dose estimates from de- 
letions. Fortunately, exchanges are large aberrations 
which are seen equally well in poor or good slide 
preparations and are therefore the suitable ones for 
the control-test comparisons. 

To avoid the difficulty of dealing with a curvilinear 
relation, since the exchange aberrations being consid- 
ered increase quadratically with dose of x or gamma 
rays, we have plotted in Fig. 2 the linear relation, 
square root of exchange aberration yield against dose, 
measured by ionization chambers and films in the 
gamma-ray stations. The solid line is square root of 
exchange aberration yield against dose from the least- 
squares fit to the control data, Table 5. The experi- 
mental points are from the test measurements, Table 8. 

In these gamma-ray stations, unlike the airplanes, 
there is a definite relation between the doses at the 
different stations, which were at increasing and known 
distances away from the nuclear device. So, for both 
the aberration yield and dose data we have not only 
the experimental measurements at each station, but 
the curves of least-squares fits to the measurements 
over the whole range of doses experienced. Compari- 
son of these curves gives much more reliable informa- 
tion than the individual points, and is indicated by the 
two lines “exchanges vs. film dose” and “exchanges vs. 
ionization chamber dose.” 
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Fig. 2. 


measured by ionization, Chamber dose. 


Inspection of the graph shows that the nuclear 
gamma rays are just about as effective as the control 
radiation (hard x-rays) in causing Tradescantia chro- 
mosomal aberrations, whether the test dose is meas- 
ured by ionization chambers or by films. Actually, 
taking the very worst cases at the two extremes of 
greatest divergence, the films would indicate that 
nuclear gamma rays are 10% less effective than the 
control radiation (at the highest dose), the ionization 
chambers would show them to be 18% more effective 
than control radiation (at the lowest dose). From the 
earefui work of Kirby-Smith and Daniels (4) on the 
RBE of x-rays to Co®® gamma rays in causing Trade- 
scantia aberrations, this would indicate that the qual- 
ity of these test gamma rays was about that of the 
hard x-rays used for the control experiments. This is 
approximately true; the long traverse through air and 
the ground scattering had degraded the gamma-ray 
energy considerably, practically down to the range of 
x-ray energy. But over the whole range of doses meas- 
ured, these curves differ from one another by only 
about 10%. It can thus be stated that nuclear gamma 


wo 400 
GAMMA - RAY DOSE (r) 


- 
VS IONIZATION CHAMBER DOSE FILM DOSE 


Production of chromosome aberrations by nuclear gamma rays, and by control radiation in the laboratory. 
———, @ Vaberrations per cell vs. nuclear gamma ray dose (r) measured by NBS film packs. —-—.—, © same, 
same, vs. dose (r) of hard x-rays from laboratory control experiment. 


rays and the control radiation, hard x-rays, produce 
equal biological effects, i.e., the RBE of nuclear gamma 
rays to hard x-rays is 1+ 20%. 

Fast Neutron Stations. Tradescantia and mice were 
exposed to fast neutrons inside special lead containers 
placed at closer distances to the nuclear device than 
the gamma-ray containers. The above-ground part of 
a neutron container was a lead hemisphere with 7-in.- 
thick lead walls, and a central cavity 14 in. in diam- 
eter containing the specimens. The intent was that the 
7 in. of lead should be opaque to the external gamma 
rays but transparent to neutrons. 

The Tradescantia results from the fast neutron Jead 
hemisphere stations are given in Table 9. It is appar- 
ent that the dose estimates from deletions are variable, 
as was true for the gamma-ray stations and probably 
for the reasons already’ given, so only the more reliable 
data from chromosome exchanges will be considered. 

Unfortunately, the only physical measurements 
made at these stations which are pertinent to our pur- 
pose will show only the relative doses received at the 
different stations. What was measured was the number 


TABLE 9. Biological observations and dose estimates in neutron hemisphere stations. 
Chromosome aberrations observed 4 days after irradiation. 


Biological observations 


Dose estimates (n units) and 90% 
confidence intervals 


Test 


From deletions From exchanges 


Station No. No Fraction Deletions Exchanges 
of of normal per per D 
ose 90% Dose 90% 
buds cells eell eell eell Conf. on 
a 4 97 0.54 0.35 0.2 5.9 2.9- 8.7 6.0 2.7-— 9.0 
Aib 2 116 0.24 0.64 0.63 11.7 9,0-14.4 16.8 13.9-19.7 
e 5 176 0.03 2.00 1.15 39.2 35.8-43.0 31.6 28.5-35.2 
d 9 253 0.50 0.29 0.39 4.7 1.7-— 7.5 10.0 6.8-12.8 
R e 13 550 0.08 1.08 1,00 20.7 18,1-23.4 27.5 24.5-30.8 
f 7 210 0.005 2.62 1.72 51.8 47.6-56.5 47.9 44.0-52.6 
g 2 64 0 3.62 2.20 71.8 66.1-78.7 61.6 56.2-68.0 
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OOSE (r) OF X RAYS TO PRODUCE EQUAL EFFECT 


$ 0 
FAST NEUTRON DOSE"(SULFUR FLUX, NEUTRONS som? x10” 


Fic. 3. Effect of nuclear fast neutron radiation on Tradescantia and on mice. O, @ aberrations per cell vs. 
neutron ‘‘dose’’ (sulfur flux) on tests A and B. Read from left ordinate seale. ——-—, A Dose (r) of laboratory 
hard x-rays which would cause an equal number of aberrations as was found on test A. Read from right ordinate 
scale. —-—.—, & Dose (r) of laboratory hard x-rays which would cause an equal effect on mice as was found on 


test A. 


of neutrons (of energy greater than 3 Mev) per square 
centimeter received at positions outside the hemi- 
spheres, the so-called sulfur flux. Although this sulfur 
flux is proportional to the dose received by the mate- 
rial inside the hemispheres, any conversion of it to 
inner biological dose is subject to prohibitive errors 
and assumptions; it is, however, useful for prediction 
of biological effect as a function of distance and of 
other variables. The complication that may be caused 
by any (unknown) dependence of effect on neutron 
energy spectrum is believed to be minimized by em- 
perical simulation of test conditions in the control ex- 
periments which were made with uranium fission neu- 
trons transmitted through 4 in. of lead. The increase 
of chromosome exchanges with relative neutron “dose” 
is shown for two different tests in Fig. 3. Since dose 


is in relative units, the only conclusion that can be 
made is that biological effect increases linearly with 
dose, which is as it should be if the radiation were 
neutrons, or mostly neutrons. Had the radiation been 
gamma rays, the effect would have increased quad- 
ratically with dose. No comparisons with the control 
data, such as were made for the airplanes and gamma- 
ray stations, are possible. 

To derive other information, it is necessary that 
dosimeters be measured in the same units. Fortu- 
nately, this is possible for two of the dosimeters ex- 
posed together in the hemispheres. The dosimeters 
were biological, mice and Tradescantia, and the read- 
ings were in terms of biological effect, thymus weight 
loss for the mice and chromosome aberrations for 
Tradescantia. Since the two were exposed together, 


TABLE 10. Specific control experiments at test site. 


Biological observations 


Dose estimates (r) and 90% 
confidence intervals 


Treatment (radiation) 


Chromo- Chromo- 


From deletions From exchanges 


0 0 ele- ex- 
buds cells — tions changes ne 
cells percell percell eonf. est. conf. 
None* 7 483 0.993 0.008 0 — — 
Specific control* 
(in neutron stations) 2 313 1.00 0 0 — —_— 
Specific controlt 
(gamma-ray stations) 2 183 1,00 0 0 — — 
Sum and av. of above 
(no radiation) 11 979 0.997 0.003 0 — — 
Specific controlt 100 r of x-rays 2 200 0.78 0.14 0.085 107 68-147 99 55-141 
Specific controlt 135 r of x-rays 7 246 0.72 0.175 0.175 127 87-165 163 120-206 


* None: from the plants used at the tests. 


+ Specific control: from plants treated exactly as for a test, but not irradiated. 
t Specific control: from plants treated exactly as for a test, but irradiated with 100 r and 135 r of x-rays. 
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comparisons are independent of the actual neutron 
dose.* Both these biological effects resulting from the 
test neutron radiation can be expressed (by using the 
laboratory-derived relation of effect to x-ray dose) as 
“dose (r) of x-rays to produce equal effect,” which is 
compared for mice and Tradescantia in Fig. 3. The 
curves have been displaced upward to avoid confusion 
with the other curves. From the line fitted to the three 
points it can be seen that the effect of the test neu- 
trons, relative to x-rays, is about two times as great 
on Tradescantia as it is on mice, at least over the 
range of doses experienced. This figure is in fairly 
good agreement with what is known about the RBE 
of the neutrons to x-rays for the two organisms. The 
following Tradescantia experiments by Kirby-Smith 
and Swanson (6) offer a solution to the problems left 
unsolved by these incomplete neutron experiments. 

A final instrumental calibration of Tradescantia was 
made to be sure it had not altered its response because 
of different conditions or the time interval between the 
control calibrations at Oak Ridge and the test experi- 
ments at the test site. The specific control experiments 
at the test site used identical methods of handling and 
the same plants as were used at the nuclear tests, ex- 


* The author is indebted to Robert E. Carter for allowing 
him to use this small bit of his much more extensive experi- 
mental data (5). 


cept that no dose, or a measured dose of hard x-rays 
was given. The results are summarized in Table 10. 

The conditions and methods of handling have not 
eaused any spontaneous aberrations. Also, a dose of 
radiation at test site produced the same amount of 
effect as an equal dose given in Oak Ridge. This ean 
be seen from the data, for example, where 100 r de- 
livered at test site produces an effect (chromosome 
deletions and exchanges) equal to what 99 r and 107 r, 
respectively, caused in Oak Ridge, on the basis of the 
Oak Ridge control data, Table 5. The stability of 
Tradescantia for the two situations seem well estab- 
lished. The result is what was expected, on the basis 
of previous experience. 
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The Effects of Fast Neutrons from a 
Nuclear Detonation on Chromo- 
some Breakage in Tradescantia* 


J. S. Kirby-Smith and C. P. Swanson? 


Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


The work of Conger (1) on the effects of radiations 
from nuclear detonations on chromosome breakage in 
Tradescantia has shown the need for more quantita- 
tive data on the effects of fast neutrons on this mate- 
rial. The present investigation was thus undertaken to 
complement this earlier work. From these conditions, 
a reliable physical determination of the fast neutron 
dose delivered to the biological material in the field 
has been the major prerequisite for a successful ex- 
periment. This condition, although not complete, has 
been fulfilled sufficiently to justify publishing the 
present data. In addition to the field test results, the 
eyclotron calibration and control data for chromosome 
breakage by fast neutrons are of some interest in 
themselves. 

Tradescantia paludosa inflorescences were exposed 
at the field tests in a number of the lead hemisphere 
neutron stations previously described in the paper by 
Conger (7). Material in seven stations received doses 
in the ranges suitable for studies of chromosomal 
1 Work performed under Contract No. W-7405-Eng-26 for 
the Atomic Energy Commission. 

2The authors acknowledge the unselfish cooperation dur- 
ing the detonation experiments of Harold H. Plough, at that 


time Assistant Chief, Biology Branch, Division of Biology 
and Medicine of the U. S. Atomic Energy Commission. 
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breakage. Slides were prepared from the exposed an- 
thers 24 hours and 4 days after exposure, allowing 
both chromatid and chromosome aberration frequen- 
cies to be determined at a number of dosage points. 

These data are summarized in Tables 1 and 2. The 
neutron doses in rep given here are final values de- 
rived from the Sheppard-Darden ion-chamber read- 
ings (see Appendix). These figures have not been 
corrected for any contaminating gamma rays due to 
the uncertainty in this contribution. As will be seen 
later, this correction factor cannot be great. Rep val- 
ues in parentheses have been determined from dosi- 
meters placed in the front position in the hemispheres. 
Not enough physical data were obtained to derive 2 
similar least squares fitted set of doses for the back 
positions. The most reliable dose-aberration frequency 
curves are thus obtained from measurements made at 
the front positions. In the hemispheres containing 
appreciable numbers of mice, the Tradescantia chro- 
mosome aberration data indicate an attenuation in 
neutron dose from front to back of approximately 
25%. This ean be clearly seen in the figures for sta- 
tions 1, 2, 3, 4, and 5. In addition to the field test data, 
the tables contain the results of calibration studies 
made at Oak Ridge prior to the test. These measure- 
ments were made with a Victoreen chamber calibrated 
against Rossi-Failla tissue equivalent ion chambers as 
outlined by Sheppard and Darden (see Appendix). 
Plots of biological damage for chromosome and chro- 
matid aberrations against physically determined dose 
for both the field test data and the cyclotron control 
data are shown in Figs. 1 and 2. 

As has been pointed out, the major uncertainty in 
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TABLE 1. 


Tradescantia chromosome aberrations. 


Aberrations per 


‘ Dose Cells 100 cells 
Station (rep) scored 
Deletions Exchanges 
A. Field Test 
1 (Front) 107.7 150 217 166 
(Back) 400 172 123 
2 (Front) 74.3 200 140 130 
(Back) 200 128 102 
3 (Front) 48.6 400 94 86 
(Back) 300 67 65 
4 (Front) 23.2 200 33 7 
(Back) 300 26 31 
5 (Front) 16.4 600 22 21 
(Back) 10.1 600 15 15 
B. Oak Ridge Cyclotron 
67.5 00 22 91 
56 300 94 79.5 
45 300 72 67.5 
22.5 300 39 32.5 


the physical dosage measurements is 
amount of contaminating gamma rays 
lead hemispheres. Recent examination 
of chemical dosimetry, as well as the 


in the actual 
present in the 
of the results 
U.S. National 


would indicate a gamma contamination of 25%, with 
95% confidence limits of 7.4 and 40%. 


TasLe 2. Tradescantia chromatid aberrations. 
Aberrations 
per 100 
Dose Cells cells 
Station (rep) scored 
Chro- _Isochro- Ex- 
matids matids changes 


A. Field Test 


4 (Front) 15 300 109.3 160.3 80.3 

5 (Front) 9 450 51.5 82.7 37.1 

6 (Front) 1.3 700 10.7 11.9 3.9 
B. Oak Ridge Cyclotron 

10.8 450 72.3 95.8 46.0 

5.4 250 37.6 40.2 17.2 

2.7 300 17.5 25.0 7.9 


| 


Bureau of Standards film pack data, indicates that, 
although gamma rays were undoubtedly: present in the 
tests, the radiation did not result in a dominant con- 
tribution to the total dose. At the outer Tradescantia 
stations, we assume a 25% contribution due to gamma 
rays as an upper figure. Russell (2) has shown, for 
dominant lethals in mice, that if the ion-chamber 
measurements were correct, and if the biological effi- 
ciencies of detonation and cyclotron neutrons were the 
same, then the biological results observed by him 
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A, Cyclotron contro] data. ©, Field test data. 


January 1, 1954 


Considering Tradescantia as a biological dosimeter, 
the close agreement in the biological effects of cyclo- 
tron neutrons measured in rep at Oak Ridge and those 
due to detonation neutrons measured by ionization 
dosimeters in the lead hemispheres indicate that the 
uncertainties in the physical measurement of neutron 
dose in the field are considerably less than the factor 
of 2 conservatively set by Sheppard and Darden (see 
Appendix). This conelusion is based on the assump- 
tion that there is either little difference between the 
neutron energy spectrum within the lead hemispheres 
and that in the lead exposure chambers used in the 
cyclotron studies, or that the dependence of chromo- 
some breakage on neutron energy over these ranges 
is slight. Recent studies of our cyclotron facilities 
and information available to us on the neutron spec- 
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Chromosome deletions. A, Cyclotron control data. ©, Field test data. (b) Chromosome exchanges. 
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trum in the lead hemispheres are in agreement with 
the first assumption. Although controlled laboratory 
experiments to determine the variation in chromo- 
some aberration frequencies with incident neutron 
energy must be earried out before Tradescantia ean 
function reliably as a neutron dosimeter, the present 
general agreement in dose determined in the field from 
biological and physical measurements is impressive. 
We can also assume that, in a general qualitative way 
for Tradescantia, there are no very great differences 
in the effects of laboratory-produced fast neutrons 
and those arising under the burst conditions of a 
nuclear detonation. Certainly, the relative biological 
efficiency (RBE) for detonation neutrons compared 
with fast neutrons from a cyclotron is 1 + 25%. 

Comparing our cyclotron neutron data with the ex- 
tensive x-ray control data obtained by Conger prior 
to the early tests, some fairly reliable determinations 
of the RBE of fast neutrons and x-rays can be made. 
In the case of predominantly one-hit chromatid aber- 
rations, i.e., chromatid plus isochromatid breaks, an 
RBE for neutrons to 250 kvp x-rays of 13 was found. 
For chromatid/chromatid interchanges, as well as 
chromsome deletions and exchanges, in which a linear 
relation of aberrations with dose does not exist for 
x-rays, a definite exact RBE cannot be obtained. By 
assuming x-ray intensities sufficiently high to give 
maximum breakage rates and forcing the dose curves 
to a linear relation, an RBE of approximately 13 for 
chromatid /chromatid interchanges and 7 and 10 re- 
spectively for chromosome deletions and chromosome 
exchanges can be assigned. 


APPENDIX 


Physical Dose Estimates in the Detonation 
Experiments and Neutron Calibration 
in the Cyclotron 


C. W. Sheppard and E, B. Darden, Jr. 


The dose in the ORNL cyclotron was determined 
with a BF, proportional counter calibrated against 
two Victoreen condenser r-meters. The number of 
reps/n for the 100-r chamber with thimble of con- 
ducting lucite-graphite was 1.7. For the 25-r chamber, 
which was a conventional Bakelite thimble, the factor 
was 2.5. These figures were determined by comparing 
the readings with those of two Rossi-Failla tissue- 
equivalent ion chambers, one provided by Dr. Rossi 
and one constructed at ORNL. Comparisons were also 
made with the readings of an ethylene-filled polyethyl- 
ene chamber whose walls were coated with a very thin 
layer of graphite (3). This “tissue equivalent cham- 
ber” and the Rossi-Failla chambers were themselves 
calibrated against x- and gamma-ray standards in the 
laboratory (4). Gamma-ray contamination was esti- 
mated with a condenser-type ion chamber made of bis- 
muth whose design was similar to that of a beryllium 
chamber used by us for gamma-ray estimates in the 
presence of high fluxes of thermal neutrons (5). Slow 
neutrons were determined by gold activation. Approxi- 
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PHYSICALLY MEASURED DOSE (rep) 
Fig. 2. Chromatid aberrations. Curve A, isochromatid 


breaks. Curve B, chromatid interchanges. 4, Cyclotron 
control data. ©, Field test data. 


mately one gold neutron was found for every ten total 
neutrons. The neutrons were made by the Be® (p, n) 
reaction. The energy distribution was estimated by 
converting the spectrum for a thin target (6) to that 
for a thick one at our different angle of observation 
and different bombarding energy (22 Mev). Some ap- 
proximate allowance was also made for the degrada- 
tion of the neutrons in the 2-in. lead walls of the ex- 
posure facility. The result gave a broad distribution 
with maximum at about 1-2 Mev and tailing off at 
higher energies to less than 20% total neutrons above 
the 8S threshold. Because of the difficulties of physical 
measurements in the cyclotron, exact control of all 
variables was not possible and we therefore estimate 
the uncertainties as about + 20%. Attempts to com- 
pare our dosimeter readings with those obtained under 
better physical conditions are now in progress. 

In the detonation experiments, the methods of dosi- 
metry were developed as a compromise when it was 
learned that a well-conceived program of tissue-equiv- 
alent chamber development could not be extended to 
cover our requirements. A total of 19 chambers were 
completed in time for the experiments. They were 
built according to the same design as that of the bis- 
muth chambers, but had inner walls of polyethylene 
coated with thin aquadag.* Spacing between the con- 
centric cylindrical electrodes was approximately 0.5 
mm. Insulators were of fluorothene and mechanical 
rigidity was achieved by supporting the inner plastic 
electrode on a 2S aluminum cylinder and the outer 
electrode in an enclosing aluminum sleeve. The plastic 
was thick enough in all cases to stop the beta rays 
from the activation of aluminum. The chambers were 

* We wish to acknowledge the assistance of R. K. Abele of 


the Oak Ridge National Laboratory, Instrumentation and 
Controls Division, in a portion of the design. 
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filled with air, relying on the closeness of the electrode 
spacing to obtain maximal efficiency of ion collection 
and minimal dependence of the reading on the energy 
of the neutrons. The sensitivity of a chamber depends 
on its collecting volume and the latter was varied 
somewhat by filling a variable amount of air space 
with insulation. In this way, readings on scale were 
achieved at almost all of the stations where instru- 
ments were placed. Investigation of the calibrations 
indicated that individual instruments varied consider- 
ably but, due to the large number of chambers and 
the use of statistical methods, the aggregate effect of 
the individual fluctuations was small. Because lowering 
the sensitivity by closer electrode spacing introduces 
serious problems, such as the need for polishing the 
plastic to a mirror finish, and the electrical difficulties 
produced by small amounts of particulate matter in 
the chambers, the highest dose that could be read was 
about 250 rep. The chambers were calibrated in the 
cyclotron facility. Because of their design, moderate 
variations in the neutron spectrum should not affect 
the calibration. This was tested by introducing paraffin 
into the neutron beam, with little effect on the cali- 
bration factors. In spite of the high voltage gradient 
on the insulators, leakage was not a serious problem. 
Soakage of the insulators presented no serious diffi- 
culty. 

Gamma-ray contamination in several stations was 
estimated in one detonation experiment by the use 
of nine chambers in which the collecting electrodes 
were made of lead. Unfortunately, the accuracy of 
this method decreases rapidly as the gamma-ray com- 
ponent increases. Lead-lined chambers are quality de- 
pendent and the gamma-ray spectrum was not knewn. 
The calibration of the chambers against Co®® gamma 


rays was the method of choice. Some confidence can 
be placed in the allowance for effects which would 
make the observed neutron dose spuriously high. Ef- 
fects which would make the readings too low cannot 
be as easily evaluated. In addition to these difficulties, 
there is some evidence that the instruments are par- 
tially sensitive to slow neutrons even though particular 
effort was made in the design to minimize this. In gen- 
eral, the readings indicated a considerable gamma ray 
contamination. The neutron component of the dose 
recorded by the polyethylene chambers is probably 
low, because there is some evidence that their ion col- 
lection is impaired by the glutting effect of the high 
momentary ionization density. Since the duration of 
the exposure was short, the intensity was correspond- 
ingly high. Taking all these complicating effects into 
account, we feel that it is highly unlikely that the ion 
chambers have overestimated the dose. They may con- 
ceivably have underestimated it but not by more than 
a factor of 2. It is not impossible that they were more 
accurate than we have supposed. It is anticipated that, 
as a result of present efforts to refine physical dosim- 
etry of neutrons, future work will be on a much 
sounder basis. 
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An Interesting Phenomenon Associated 
with Irradiation of Dry Maize Seeds* 


Drew Schwartz? 


Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


In the course of experiments conducted to determine 
the effect of neutron radiation froin a nuclear detona- 
tion on dry maize seeds, an interesting and completely 
unexpected phenomenon was observed at the high- 
dosage levels. This phenomenon is of purely biological 
interest but serves to emphasize that in the field of 
biological dosimetry extreme care must be taken to 
avoid the use of complex biological effects such as 
growth and survival, which involve a large number of 
little understood physiological reactions. The observed 
phenomenon was simply that within a certain dose 


1 Work performed under Contract No. W-7405-Eng-26 for 
the Atomic Energy Commission. 

2The author acknowledges the unselfish cooperation, dur- 
ing the detonation experiments, of Harold H. Plough, at that 
time Assistant Chief, Biology Branch, Division of Biology 
and Medicine of the U.S. Atomic Energy Commission. 
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range there was an unexpected relation between dose 
and seedling height. 

Dry corn seeds were exposed in 7-in.-thick Jead 
hemispheres to the radiation produced by a nuclear 
detonation. The lead hemispheres were designed to 
shield the material from the gamma rays so that, in 
the main, only the effects of fast neutron bombard- 
ment were studied. The hemispheres also protected the 
seeds from temperature and shock effects. One hun- 
dred seeds were placed in each hemisphere about 9 
hours prior to and recovered approximately 3 hours 
after the detonation. The recovered seeds were treated 
with a dust disinfectant, and planted in sand. Ten 
days after planting the seedlings were removed from 
the seedling bed and scored. Both the percentage of 
seeds which germinated and the seedling height were 
recorded, Germination was found to be unaffected by 
the radiation. Every lot of treated seeds showed over 
90% germination. 

The results on seedling height are shown in Fig. 1. 
Proceeding from the low to the high doses, the seed- 
lings show an initial decrease in height followed by an 
increase as the high dose levels are approached. There 
are two possible conclusions which could be drawn 
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Fic. 1. Relation between seedling height and neutron 
dose (rep) from nuclear device test. Confidence limits 
are 95%. 


from these data. The first is that there is a direct 
correlation between seedling height and neutron dose, 
signifying a very large error in the physical dose esti- 
mates. This would indeed be a surprising result since 
it would mean that the material exposed in hemi- 
spheres close to the detonation received a lower dose 
of radiation than did the material in the more distant 
hemispheres. The dosage was estimated by an extra- 
polation of the rep at the low dose ranges as measured 
by the polyethylene thimble chambers of C. W. Shep- 
pard. The extrapolation was made to follow the slope 
of the sulfur neutron flux. The second possibility is 
that the admittedly rough physical dose estimates were 
not very seriously in error, thus pointing to a failure 
of correlation between seedling height and dose. 

To distinguish between these two alternatives, simi- 
lar experiments were conducted using gamma radia- 
tion from a Co* source where the dose can be meas- 
ured more accurately. Seeds were exposed to doses of 
radiation ranging from 75,000 to 500,000 r. The same 
phenomenon was observed in these experiments (Fig. 


i Wo 200 300 400 500 
OOSEIr) 103 


Fic. 2. Relation between seedling height and y douse 
from Co” source. Confidence limits are 95%. 
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2). There is an inerease in seedling height with in- 
creased doses above 125,000 r with the effect leveling 
off at 400,000 r. 

Do these data point to a stimulatory effect of radi- 
ation on plant growth? The answer is definitely, no! 
Cytological examination of the root tips from plants 
which received high doses of radiation revealed a com- 
plete absence of cell division. In other words, the 
“growth” was due entirely to cell elongation in these 
seedlings. This was borne out by the observation that 
seedlings which received more than 9000 rep at the 
test and 125,000 r of gamma radiation from the cobalt 
source reached their maximum height at about 5 days 
after planting. No further elongation was observed 
for the next 5 days. The seedlings irradiated at the 
higher dose levels were not only taller but also much 
healthier in appearance than those at the lower levels. 
In fact, those seedlings could not be differentiated 
from normal unirradiated young seedlings except that 
there was a cessation of further growth after approxi- 
mately 5 days. 

The conclusion drawn from these data is that at 
high radiation levels the seeds are killed in the sense 
that no further cell divisions occur. To explain the 
increased “growth” made by the seedlings which re- 
ceived the higher doses it is postulated that the effect 
was due to an inactivation by high doses of radiation 
of those processes in the cell which are responsible for 
the breakdown of the plant tissue, probably the en- 
zyme systems. Thus in the neighborhood of 125,000 r 
cell division is completely knocked out and the plant 
tissue degenerates. At higher doses both cell division 
and enzymatie activity are affected so that the seedling 
grows to its maximum height through cell elongation 
and for a period remains at a status quo, neither de- 
generating nor making more growth. 


Manuscript received December 14, 1953. 


The Production of Dominant Lethals 
in Drosophila by Fast Neutrons 
from Cyclotron Irradiation 

and Nuclear Detonations* 


William K. Baker and Elizabeth Von Halle? 


Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


A considerable area of disagreement exists between 
the relative biological effectiveness (RBE) of x-rays 
and fast neutrons in producing chromosome aberra- 
tions in plants and in Drosophila. For example, Tho- 
day (1) reports that in Tradescantia fast neutrons are 
5-10 times as effective per unit dose in producing 
interchanges and 3.6 and 2.4 times as effective in in- 

1Work performed under Contract No. W7405-Eng-26 for 
the Atomic Energy Commission. 

2The authors would like to acknowledge the unselfish co- 
operation, during the detonation experiments, of Harold H. 
Plough, at that time Assistant Chief, Biology Branch, Di- 


vision of Biology and Medicine of the U.S. Atomie Energy 
Commission. 
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TABLE 1. The induction of dominant lethals by fast neutrons. 


Cyclotron Nuclear device A Nuclear device B 

Dose Eggs Hatch Dose Eggs Hatch Dose Eggs Hateh 
(rep) counted freq.* (rep) counted freq.* (rep) counted freq.* 
None 3889 0.968 None 1807 0.978 None 2584 0.946 

250 2867 0,673 129 3428 0.853 32 2318 0.978 

500 1754 0.469 340 3325 0.670 65 2333 0.941 

700 3494 0.324 1250 2660 0.225 140 1982 0.756 
1000 2193 0.275 2400 4687 0.0406 400 2663 0.574 
1650 3524 0.0721 3300 1806 0.0204 740 2438 0.344 
2700 3140 0.0125 5300 1859 0.00110 2050 2575 0.0632 
3500 1007 0.00205 


* In the irradiated series, the actual hatch frequency has been divided by the control frequency. Thus the former fre- 


quency is related to a control value of 1.0. 


ducing isochromatid and chromatid breaks, respec- 
tively. On the other hand, Demeree et al. (2), studying 
cytologically recoverable rearrangements in Dro- 
sophila melanogaster salivary glands, Eberhardt (3), 
working with induced position effect at the ci locus, 
and Catsch et al. (4), determining the frequency of 
translocations between chromosomes 2 and 3, find that 
fast neutrons are no more effective than x-rays. The 
published results on dominant lethals in Drosophila 
(most of which are undoubtedly caused by lethal chro- 
mosomal aberrations) confuse the picture even more. 
In this case, fast neutrons are shown to be more effec- 
tive, but the RBE’s are only as great as 1.5 (5) or 
2.0 (6). 

The question posed by these conflicting results is 
whether the reported difference in the comparative 
behavior of Tradescantia and Drosophila chromo- 
somes to neutron and x-irradiations is real, or whether 
the discrepancy is an artifact caused by either inac- 
curate neutron dosimetry or use of neutron sources 
contaminated with unknown amounts of gamma radia- 
tion, or both. It is a well-known fact that even at the 
present time the dosage (rep) of fast neutrons cannot 
be measured with the desired precision (i.e., +5% or 
better), especially when there is gamma-ray or slow 
neutron contamination, as is almost always the case. 
However, the dosimetry problem is much nearer 
solution at the present time than it was when the 
above-mentioned Drosophila work was performed. 
Therefore, we feel that our finding—that the RBE for 
dominant lethals in Drosophila melanogaster is in the 
same range as that for chromosome rearrangements in 
Tradescantia—is the result of the improvements which 
have been made in neutron irradiation methods and 
dosimetry within the past few years.® 

The Oak Ridge 86-in. cyclotron was used as the 
source of neutrons in the laboratory experiments (7). 
A deseription of the lead-lined facility in which the 
flies were exposed and the method of neutron dosime- 
try used are given in (8). It should be noted, how- 
ever, that several calibration runs were made with the 
100-r-7 thimble chamber just prior to exposure of the 

*The authors are indebted to C. W. Sheppard and E. B. 
Darden for calibration of the neutron facility in the cyclotron 


and for dosage measurements at the field tests. Without these 
measurements our results would be meaningless. 
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flies. Oregon-R males of from two to four days of age 
were placed in lusteroid tubes which were inserted into 
the facility at the spot where dosimetry measurements 
had been made. After exposure, the males were mated 
to Oregon-R females and the exact procedure given 
by Baker and Von Halle (9) was used in collecting 
the eggs and determining their survival frequency. 
The results of the cyclotron treatment are presented 
in Table 1. Contrary to the finding in x-ray-induced 
dominant lethals (9), there is no difference in the 
hatch frequency among eggs fertilized by the first 
and second batches of sperm. Consequently, the data 
from the two sperm batches are combined in this table. 
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Fig. 1. The relation between dose of fast neutrons 
from the cyclotron and the frequency of dominant lethals 
induced. 
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neutrons from nuclear detonations and the frequency of 
dominant lethals induced. 


These data are plotted on a semilogarithmic scale in 
Fig. 1. The weighted (np/q) exponential regression 
line which, by the method of least squares, best fits 
the data has the equation Y =e”, where ” is the 
dose in kilorep. It is known that there is approxi- 
mately 10% gamma-ray contamination in the cyclotron 
facility used. The long-dashed line in this figure in- 
dicates the expected relation between hatch frequency 
and dosage if there had been no gamma-ray contami- 
nation Y =e-1-°6?), Also in Fig. 1 are plotted the 
results of the 259-kvp x-ray study of Baker and Von 
Halle (9). This figure presents two facts whick are 
worthy of note. In the first place, it is evident that 
the neutron data follow a “one-hit” curve whereas the 
x-ray data follow a “multi-hit” relation. This is to be 
expected since lethal chromosomal aberrations caused 
by more than one break could be produced by a single 
recoil proton track. Secondly, it can be seen that, in 
the low dosage range, neutrons are about 7.3 times as 
effective as 250-kvp x-rays. At higher dose levels, the 
RBE falls to about 4.8 because of the change in slope 
of the x-ray curve. 

Since the cyclotron results appeared to rest on as 
good physical measurements as are presently available, 
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it was felt that determination of the dominant lethal 
frequency induced by neutrons from nuclear detona- 
tions might be of some theoretical and practical in- 
terest. Of primary theoretical interest is the fact that 
neutrons from nuclear detonations are all delivered 
within a matter of microseconds, while cyclotron neu- 
trons were given in a matter of minutes. Naturally, the 
feasibility of such an intensity study would depend on 
whether an accurate measurement could be made of 
total dosage of a magnitude that would be useful in 
Drosophila experiments. Unfortunately, no physical 
dosimeters which could measure dosage in the 500-rep 
region and above were available in the field-test ex- 
periments to be described. Therefore, one is left with 
the alternative of considering the dominant lethal fre- 
quency as a biological dosimeter in this dosage range. 
The usefulness of this alternative rests on several un- 
proven assumptions, among which are the assump- 
tions that the great intensity difference and any dis- 
similarity in the energy spectrum of neutrons from 
the detonations and cyclotron are without influence 
on the dominant lethal frequency. 

With these thoughts in mind, flies were exposed to 
neutrons from nuclear detonations by placing them 
within the lead hemispheres described by Conger (10). 
Hemispheres were located at various distances from 
ground zero in order that exposure to different dos- 
ages could be made.* As previously noted, there were 
no physical dosimeters in the range where most of the 
Drosophila were placed although the flux of sulfur 
neutrons (3 Mev and above) were available. Never- 
theless, polyethylene thimble chambers of C. W. Shep- 
pard (8) were in hemispheres at lower dosage levels. 
The rep measurements of these thimble chambers did 
parallel quite closely the sulfur neutron flux in this 
region. In order to obtain an estimate of the dosage 
in the hemispheres where Drosophila were placed, the 
thimble chamber readings were extrapolated into this 
region by having them continue to parallel the sulfur 
neutron flux. The dosages given in Table 1 and Fig. 2 
were determined in this manner. 

Only slight differences existed between the experi- 
mental techniques of the field-test experiments and the 
cyclotron and x-ray studies. The males were not mated 
until approximately 4 hours after the detonation. Also, 
the first 24-hour mating period of the males was done 
under field, rather than laboratory, conditions. 

The data obtained from two nuclear detonations are 
shown in Table 1 and Fig. 2. In spite of the rather 
crude method of estimating dosage, it is comforting to 
note that in both tests the points fall quite close to a 
straight line passing through at 1.0 at zero dosage. The 
weighted regression lines for device A and B respeec- 
tively are Y, =e and In a compari- 
son of results from field tests and the cyclotron irradi- 
ations it appears that more eggs hatch per unit dose 
in the former experiments. The question arises as to 
whether this discrepancy is due to the lower effective- 
ness of neutrons from nuclear detonations than those 


4The invaluable advice and assistance given by Robert EB. 
Carter during the field tests are deeply appreciated. 
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produced by the cyclotron, or to overestimation of the 
neutron dose in the field experiments. A satisfactory 
answer to this question cannot be given on the basis 
of these experiments. It is known that gamma-ray 
contamination existed within the hemispheres and that 
the amount of contamination varied with the hemi- 
spheres. It does not seem likely that this ean explain 
the difference since experiments conducted in the same 
hemispheres with another genetic effect (sex-linked re- 
cessive lethals) having a low RBE, and thus more 
sensitive to gamma-ray contamination, gave no evi- 
dence of any larger contamination than in the eyelo- 
tron (11). The final answer to this question will have 
to await the development of reliable neutron do- 
simeters of sufficient capacity. 

Until adequate dosimeters are available, the fre- 
quency of dominant lethals may be useful in nuclear 
detonations as a rather rapid, but erude, biological 
measurement of fast neutron dosage at high levels. 
For example, it may be determined from Table 1 that 
with device A the biological dose was within about 
23%, and with device B within approximately 12%, 
of the dose extrapolated from physical instruments. 

In summary, the main conclusion to be drawn from 


the data presented is that the relative biological effee- 
tiveness, in producing chromosome aberrations, of fast 
neutrons (as compared with x-rays) is about as great 
in Drosophila as in Tradescantia. 
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The three papers by J. S. Kirby-Smith and C. P. Swanson, 
Drew Schwartz, and W. K. Baker and E. Von Halle were part 
of a larger test program on the genetical effects of radiation 
from nuclear detonations conducted under AEC direction. 
Additional papers will appear in the literature. 


Comments and Communications 


Nomenclature of Cyclohexane Bonds 


Ir was shown originally by x-ray and electron dif- 
fraction, and has been confirmed by other physical 
and by chemical means, that the most stable and per- 
manent form of the cyclohexane ring is that particular 
strainless form which is sometimes likened to a chair 
or a staircase. Geometrically, its chief feature is a six- 
fold alternating axis of symmetry. Its 12 extracyclic 
bonds fall into two classes (1): 6 lie parallel to the 
axis, while 6 extend radially outward at angles of 
+109.5° to the axis. The stereochemical properties of 
substituents bound by these two classes of bond are so 
different that a need has been felt for verbal and 
symbolic means of distinguishing the classes. 

The first suggestion (2) to this end designated the 
six parallel bonds as ‘e’ and the others as ‘x’, How- 
ever, although these symbols have been considerably 
used, their origins in the Greek language, and par- 
ticularly their allocation between two classes of bond, 
have been found difficult to remember. A more obvious 
description was given (3) when the six parallel bonds 
were called “polar” and the others “equatorial” in 
analogy to the geographical terms. This nomenclature 
has had a wide use, but is unsatisfactory in that it 
employs the word “polar” for a stereochemical con- 
cept, thereby tending to confuse discussions which 
have to take account of the electropolar nature, side 
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by side with the stereochemical character of eyclo- 
hexane substituents. 

The purpose of this note is to suggest a simple 
change which avoids these difficulties. It is that the six 
bonds parallel to the main cyclohexane axis should be 
called “axial”! (and symbolized ‘a’), while the other 
six retain the name “equatorial” (and become symbol- 
ized ‘e’). The private diseussions we have had with 
friends and colleagues lead us to hope that this sug- 
gestion may find favor. 

D. H. R. Barton 
O. Hassen 
K. 8S. Prrzer 
V. PRELOG 
Birkbeck College, London, England; 
Universitetes K jemske Institutt, 
Oslo, Norway; University of California, 
Berkeley; and Organischchemisches 
Laboratorium der Eidy. 
Technischen Hochschulen, Zurich, Switzerland 
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Book Reviews 


Energy in the Future. Palmer Cosslett Putnam. New 
York: Van Nostrand, 1953. 556 pp. Illus. + tables. 
$12.50. 


The book, Hnergy in the Future, is the product of 
a study made by the author for the Atomic Energy 
Commission, The author was requested to make a 
background study for the “Commission’s consideration 
of the economic and publie policy problems related to 
the development and use of machines for deriving 
electrical power from nuclear fuels.” The author states 
his purpose as providing “the Atomic Energy Com- 
mission with the first comprehensive but rough analy- 
sis of the maximum plausible market for nuclear 
fuels.” 

In order to attack this problem, a rather extensive 
survey was made of the literature dealing with world 
populations and population trends, past and present 
patterns of various kinds of energy consumption, and 
a review of recoverable reserves of fossil fuels. This 
assembly of information relative to future world en- 
ergy needs is one of the chief contributions the book 
has to make. 

The author places himself in the role of an imagi- 
nary trustee of the world’s energy, who, writing with 
very broad strokes, analyzes the maximum plausible 
populations in the years A.D. 1950 to 2050, the maxi- 
mum plausible quantity of energy in demand for this 
period, the minimum plausible rate of growth of effi- 
ciency of conversion of energy, and the maximum 
plausible role of nuclear fuels. 

Cautioning throughout the book that many specula- 
tions have been made to establish an order of magni- 
tude and provoke discussion, the author suggests a 
hypothetical energy system of A.p. 2050 using nuclear 
fuels to supply sixty percent, residual fossil fuels 
twenty-five percent, and income energy, including 
solar, tidal, wind and wood fuels, as fifteen percent 
of the total energy output to the system. 

The very large amount of solar energy falling on 
the earth is reported by the author. He points out, 
for example, that the energy released by an atomic 
bomb is roughly equal to the energy in the sunlight 
falling on the area of destruction during one sunny 
day. The author does not give clear reasons, however, 
for his stronger reliance on nuclear power for the 
future. Perhaps a report written for a solar energy 
commission would have more optimism for this source 
of energy. 

The ten chapters take up about one-half of the 
total number of pages of the book. The remainder js 
the appendix, giving extensive notes on various chap- 
ters. An indication of the very extensive survey of the 
literature forming the backbone of the book is given 
by the very valuable fifty pages of bibliography, 160 
figures, and 152 tables. Industry, government, and pri- 
vate foundations, such as Resources for the Future, 
Ine., are showing an increasing interest in the prob- 
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lems attacked in the book. A report from the “Mid- 

Century Conference on Resoirees for thé Future,” 

held early in December 1953, unfortunately was not 

available for comparison at the time of this review. 

The author is deadly serious throughout his study of 
the energy demands for the future, but for one excep- 
tion. The only picture of a human in the book is that 

of a very charming young Iranian girl, who, with a 

quiet philosophical smile, is cooking the family meal 

of vegetable stew in a pot over a fire of straw and cow 
dung. 
Harry C. 

Assistant Director for Scientific Personnel 
and Education 

National Science Foundation, Washington, D.C. 

New Books 

Atoms and Energy. H. 8S. W. Massey. London: Elek 
Books; New York: British Book Centre, 1953. 174 pp. 
Tilus. $3.50. 

German Readings in Science: For intermediate students. 
Nelson Van de Luyster. New York: American Book, 
1953. 280 pp. Illus. $2.85. 

The Limits of the Earth. Fairfield Osborn. Boston: 
Little, Brown, 1953. 238 pp. $3.50. 

Chemie Lexikon, Vols. I and II. 3rd ed. Hermann 
Rémpp. Stuttgart: Franckh’sche Verlag, 1952-53. 
2108 pp. Illus, Clothbound, DM 84 a vol. 

A List of the Names Proposed for Genera and Sub- 
genera of Recent Mammals. From the publication of 
T. S. Palmer’s Index Generum Mammalium, 1904 to 
the end of 1951. L. R. Conisbee. London: British Mu- 
seum (Natural History), 1953. 109 pp. 1 £. 

Laboratory Manual for General Botany. Ward L. Miller. 
Minneapolis, Minn.: Burgess, 1953. 133 pp. $2.50. 

Method and Theory in Experimental Psychology. Charles 
E. Osgood. New York: Oxford Univ. Press, 1953. 
800 pp. Illus. $10.00. 

A Retresher Course in Mathematics. F. J. Camm. New 
York: Emerson, 1953. 240 pp. Illus. $2.95. 

Textbook of Genetics. William Hovanitz. Houston—Am- 
sterdam: Elsevier, 1953. 419 pp. Illus. $5.95. 

Applied Electron Microscopy. Robert B. Fischer. Bloom- 
ington, Ind.: Indiana Univ. Press, 1953. 231 pp. Illus. 
$4.85. 

Flora of West Virginia, Part Il. P. D. Strausbaugh and 
Earl L. Core. Morgantown, W. Va.: Bookstore, West 
Virginia Univ., 1953. 570 pp. Illus. $1.00. 

Elementary Mathematics from an Advanced Standpoint; 
Vol. I: Arithmetic, Algebra, Analysis. Felix Klein. 
Trans. from 3rd German ed. by E. R. Hedrick and 
C. A. Noble. New York: Dover, 1953. 274 pp. Illus. 
$3.25; paper, $1.50. 

Oil in the Soviet Union: History, Geography, Problems. 
Heinrich Hassmann, Trans. with additional informa- 
tion from Erdél in der Sowejetunion by Alfred M. 
Leeston. Princeton, N. J.: Princeton Univ. Press, 
1953. 173 pp. Illus. $3.75. 

Experimental Nuclear Physics, Vol. Il. E. Segré, Ed. 
New York: Wiley; London: Chapman & Hall, 1953. 
600 pp. Illus. $12.00. 
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J. W. BELANGER 


Mr. Belanger is Vice President, Defense Products 
Group 


... The significance of the nuclear-powered 
submarine is that it brings to reality the world’s 
first working atomic power plant—a forerunner 
of useful atomic power for merchant ships, air- 
lanes, and the generation of electrical power 
or industry, farms, homes, and many applica- 
tions for peaceful living. 

By the year 2000, nuclear fuels will be the 
major sources of energy, regardless of whether 
fossil fuels are seriously depleted. 

Fission (splitting atoms with release of 
energy) and fusion (combining atoms with 
release of energy) will both be major sources of 
nuclear power—fission for controlled power 
sources, and fusion for explosive-type sources. 

By the end of the present century, most of the 
new large utility plants generating electrical 
energy for homes and industry will operate with 
atomic (fission) fuel. 

The direct generation of electricity from 
fission is an open question. Who would dare to 
deny that even it might be commonplace in 50 
years? 

Solar fuels must also be taken into considera- 
tion in any projection that far ahead. 

What will this mean to our way of living? 
Atomic plants will be safe enough to be located 
within city limits. Residents of Los Angeles and 
other low-rainfall coastal areas will probably 
sprinkle their lawns and wash their othes in 
fresh water, distilled from ocean water by heat 
from atomic fuels. 

Monogram Magazine 


D. L. MILLHAM 


Mr. Millham is Vice President and General Man- 
ager, Lamp Division 


Electrical consumption for residential lighting 
has tripled in the past 10 years but even so only 
a very small percentage of homes are lighted 
properly. We found in a recent survey that at the 
present rate of improvement, it would take 
residential lighting 100 years to reach the 
standards already prevailing in many stores and 
offices. 

This typical situation points to a wide open 
opportunity for us. More and more people are 
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What General Electric People Are Saying... 


becoming aware of the advantages of good light- 
ing for schools, offices, streets, industry, autos 
and even airplanes. They enthusiastically appre- 
ciate its contributions to beauty, to comfort and 
safety, and to eye protection of the whole 
Family 

It is up to us to expand and stimulate this 
appreciation of what good lighting means. It is 
up to us to continue to explore new frontiers of 
lighting knowledge, and to manufacture better 
roducts which translate this knowledge into 

tter living for more people. 
at Nela Park, Cleveland 


W. R. G BAKER 
Dr. Baker is Vice President and General Manager, 


Electronics Division 


... In the important task of raising the educa- 
tional level of all of our citizens educational 
television can be of incomparable assistance. It 
is, in large part a job of inspiration, not just 
education. One of the tasks that educational 
television can do and do well is to provide the 
inspiration necessary to lead many of our young 
people to extend their schooling. 

I believe that educational television will suc- 
ceed in the United States because there is un- 
ceasing pressure for greater educational oppor- 
tunities. There is an awareness and a recognition 
by almost all persons that through education 
the ills of mind and spirit, yes, and even of 
ideologies, can be cured or prevented. So much 
has been accomplished in a ma short years. The 
strides we have made in science and medicine 
have been giant strides, but we hear no one 
echoing the sentiments of the man who decades 
ago urged that the patent office be abolished, 
because all possible inventions had been made. 
We have today an even greater awareness of how 
much we still have to learn and how great the 
benefits will be to all people. 

at The Chicago Educational Television Association 
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ATOMIC POWER 


An Economic And Social Analysis. A Study in . 
Industrial Location and Regional Economic 
Development By Walter Isard, Harvard Uni- 
versity and Vincent Whitney, Brown Univer- 
sity 

Here is a book that may make a significant contribu- 
tion to world peace—by providing and interpreting 
basic information so urgently needed for intelligent 
consideration of the international atomic ener 
control problem. Failure of control plans so far, the 
authors believe, stems in part from lack of under- 
standing of the complexity of this problem. 

This study is not only of vital importance now—it 
suggests methods of analysis for new data as these 
become available in the future. ATOMIC POWER is 
a factual, practical instrument for men who must 


make decisions today—and tomorrow. 
235 Pages 


WITHIN THE LIVING PLANT 


An Introduction To Plant Physiology By Erston V. Miller, Ph.D., Professor of Bot- 
any, University of Pittsburgh, Formerly Physiologist, U. S. Department of Agricul- 
ture 

WITHIN THE LIVING PLANT is a basic, NEW textbook in plant physiology, designed for 
a one-semester course for use by students of botany, agriculture, food technology, home eco- 
nomics, and even pre-medical or pre-dental students. The text was originally designed for 
author’s University of Pittsburgh classes where his APPLIED approach has been most enthusi- 
astically pene ie sae for some years. 325 Pages, 127 Illustrations, well bound .................... $5.00 


WERTHEIM’S PRACTICAL ORGANIC CHEMISTRY 


By Edgar Wertheim, Ph.D., Professor of Chemistry, University of Arkansas 

This manual is the SHORT VERSION of the author’s LABORATORY GUIDE FOR OR- 
GANIC CHEMISTRY. It contains a selection of the 103 experiments in the larger book most 
used by teachers and was made on the basis of a survey of organic chemistry courses through- 
out the country. As in the larger edition, this text was designed for students majoring in chem- 
istry and for those following the engineering or premedical curriculum. The canal included 
permits a variation of the program from year to year, or a division of activity among students 
when desired. 383 Pages; 23 Illustrations 


FUNDAMENTALS OF BIOLOGY 


Edited by M. J. Harbaugh, Ph.D., and A. L. Goodrich, Ph.D., Professors of Zool- 
ogy, Kansas State College 
A NEW biology textbook which develops principles by integrating plant and animal forms, 
rather than covering them in separate sections. It shows man as an organism in a world in 
which all organisms are interrelated, instead of using them as the prime example for biologi- 
cal principles. Thus, examples in this new text are drawn from whatever plant or animal form 
seems to hot illustrate a particular principle. In brief, FUNDAMENTALS OF BIOLOGY was 
written to INTEGRATE subject matier in the biological sciences and present it to the student : 
i 
4 
i 


in such a manner that man’s place in the living world and his dependence upon living organ- 
isms may be appreciated. 611 Pages; 283 Illustrations $6.00 


THE BLAKISTON COMPANY, INC. GARDEN CITY, NEW YORK 
Please send me: OO Check [)M.O. 
$4.75 For 90-Day 0 For Personal Use Encl. 
Within the Living Plant $5.00 Teacher on 10-Day Trial [Charge 
(CJ Practical Organic Chemistry ___ $3.00 Examination* Basis as indicated [] Send C.O.D. 
Fundamentals of Biology $6.00 
You SAVE Postage by Sending Check or Money Order 


* Examination privileges available ONLY within Continental U.S.A. Science 1/1/54 
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Nuclear Power—Its Future 


NE of the more encouraging aspects in what is, 

to many, a disappointingly slow approach to the 
utilization of nuclear energy for peaceful purposes, is 
the fact that the pattern is beginning to show a very 
real parallelism with other major technologie develop- 
ments of the past. Recognition of ultimate possibili- 
ties, isolation of immediate critical problems, and an 
understanding of the physical phenomena basic to a 
solution of these critical problems are steps through 
which developments from the steam engine to tele- 
vision have all progressed. It is now beginning to be 
clear that the peacetime use of nuclear power will be 
no exception. 

Papers such as those appearing in the present issue 
of Scrence show again the essential elements of this 
pattern. Research reactors, especially those in univer- 
sity installations, are destined to pay big dividends, 
for they contribute to each of the several stages of a 
major development. Such reactors of course provide 
facilities for the solution of research problems. But 
they also serve for the training of students, for gain- 


ing experience in reactor operation, and for develop- 
ing self-confidence in the operating staffs. Moreover, 
the fact that they are usually accessible to public 
view and that the results obtained with them are pub- 
lished widely go a long way toward removing the 
atmosphere of mystery and awe that surrounds things 
atomic in the lay mind—one of the major handicaps 
to normal and rational technologie progress in this 
field. 

Recent successes with reactors, including those 
abroad, now practically assure that at sometime in the 
not too distant future, nuclear power will be utilized 
in successful competition with power from fossil fuels. 
The question is no longer whether, but when, such utili- 
zation will begin. All this suggests the timeliness of a 
group of technical articles for the nonspecialist, de- 
scribing the tools, the problems, and the progress of 
research in this fascinating but controversial field. 

L. R. Harsrap 
Director of Reactor Development 
Atomic Energy Commission, Washington, D. C. 


More Important Than War 


NE day during the First World War the cele- 
brated British physicist Rutherford wrote an 
apology for not attending a meeting that had been 
ealled to diseuss a war research problem. He stated 
that he was too busy with experiments in which he 
seemed to have split the atom. “If this is true,” he 
wrote, “it is far more important than your War.” 
In talking ... about the future development of 
atomic energy I would like to borrow some of Ruther- 
ford’s perspective. In the midst of a great war this 
eminent scientist glimpsed the real proportions of that 
foree for human peace and welfare that lies in the 
energy from the atom—“Far more important than 


your War.” In that thought I find a strong note of 
hope, and hope is the virtue in which our national 
stockpiles are today so low. T trust that our world 
will put this evaluation “Far more important than 
War” on the future use of atomic energy. 

Such an evaluation will, I believe, come as a part of 
a growing awareness that atomic war because of its 
overdestructiveness will no longer be a useful means 
for solving international disputes. 

Thomas E. Murray, Atomic Energy Commission, on 


the Electric Companies Public Information Program, 
Chicago, October 22, 1953. 


SCIENCE, founded in 1880, is published each Friday by 
the American Association for the Advancement, of Science at 
Business Press, Lancaster, Pa. Entered at the Lancaster, Pa., 
Post Office as second class matter under the Act of March 
3, 1879. 

All correspondence should be addressed to SCIENCE, 1515 
Massachusetts Ave., NW, Washington 5, D. C. Manuscripts 
should be typed with double spacing and submitted in dup- 
licate. The AAAS assumes no responsibility for the safety of 
manuscripts or for the opinions expressed by contributors. 
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ANTWEILER 
MICRO- 
ELECTROPHORESIS 


speedy, accurate analysis 
requires only 0.1 mi. material 
foolproof and compact 


Shown above is the Antweiler Micro-Electro- 
phoresis Apparatus for Interferometric Measure- 
ments, the special Schlieren Optical Control 
Attachment with the Philpot-Svensson modifi- 
cation, fused cell and dialysis bottle. 


At last . . . a moderately priced instrument 
for accurate and convenient determination 
of protein fractions in serum and plasma. 
Take particular note of the following out- 
standing features: 


1—Mini 


t of material required 
2—Short analysis time 
3—Low consumption of chemicals 


4—Compact, space-saving design 


5—Low initial and running cost 
Write for free bulletin SC-18 


210 Fifth Ave., 


mo. 


PHOTOVOLT 


Line-Operated Electronic 
MULTIPLIER-PHOTOMETER 
Mod. 520-M 


For the exact measurement of light values as low as 
1/10,000 microlumen . . . for absorption and flame 
photometry, colorimetry through microscopes, scintilla- 
tion measurements, fluorescence trace analysis, etc. 
Write for Bulletin #360 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


Diversified Uses .. . 


Uniform Results ... 


CF RATS 


e For years CF RATS have been used with out- 
standing success in a wide range of research 
. . . @ fact well evidenced by the continually 
increasing demand for them. 


e Should your work require the use of rats 
we urge that you consider the proven depend- 
ability and versatility of CF RATS 


e For further information please write: 


CARWORTH FARMS, INC. 


NEW CITY, N. Y. 
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Yhe new BECKMAN RECORDING 


of Gprevation 
@ Operator can scan sample curve rapidly, 


then record any area of interest in greater 
detail. 


@ Records percent transmittance directly on 
convenient 814” x 11” chart paper. 


® Plots a complete spectrum from 220 to 
1000 millimicrons. 


See your Beckman 
dealer or write for C inl a ° 
Data File 95-38 , 


SPECTROPHOTOMETER 


Here is the modern automatic spectrophotometer capable of handling the 
bulk of chemical analyses in any laboratory. Employing the unexcelled 


monochromator of the Beckman Model DU, this new recording spectro- 


photometer makes speedy, accurate analyses of one, two or three samples 
— simultaneously. Each sample curve is permanently recorded in a dif- 
ferent color on a single chart. The recording system makes any Beckman 
“DU” quartz spectrophotometer an automatic instrument. 


BECKMAN INSTRUMENTS, INC. 


SOUTH PASADENA 1, CALIFORNIA 
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Announcing 


a brand new text 


INTRODUCTION 
NUCLEAR ENGINEERING 


by RAYMOND L. MURRAY, Professor of Phys- 
ics, North Carolina State College at Raleigh. 


The FIRST and ONLY textbook in nuclear engi- 
neering, Professor Murray’s new book is designed 
specifically as a teaching instrument on the under- 
graduate level. 


INTRODUCTION TO NUCLEAR ENGINEER- 
ING has been developed and tested in the famous 
pioneering program in Nuclear Engineering of the 
North Carolina State College. It is designed to 
help meet the growing need for trained personnel 
in peacetime industrial research and production. 


Highlights of the text: 


*Peacetime application of products and 
by-products of nuclear reactors in medi- 
cine, engineering and agriculture 


*Problems of research—radiation haz- 
ards, shielding, radioactive waste dis- 
posal, particle detectors and reactor 
control Instruments 


*Tables of nuclear properties and reactor 
theory mathematics 


CONTENTS: Atomic and Nuclear Physics; Neu- 
trons; Fission and the Chain Reaction; The Separa- 
tion of Isotopes; Plutonium Production; Nuclear 
Reactor Principles; The Water Boiler; Reactor 
Startup and Operation; Materials of Reactor Con- 
struction; Principles of Heat Transfer and Fluid 
Flow; Design of a Gas-Cooled Enriched Uranium 
Reactor; Design of a Liquid Metal Cooled Normal 
Uranium Reactor; Radiation Hazards; Shielding; 
Radioactive Waste Disposal; Detectors and Con- 
trol Instruments; Neutron Experiments; Uses of 
Radioactive and Stable Isotopes; Nuclear Propul- 
sion of Aircraft, Submarines and Rockets; Elec- 
trical Power from Fissionable Fuel. 


416 pp Scheduled March 1954 


In the Prentice-Hall Physics Series 


Send for your copy today! 


PRENTICE-HALL, INC. 


70 Fifth Avenue, New York 11, N.Y 


DETERGENT, 


A Concentrated Liquid 
Thoroughly Cleans Glassware 


LEAVES 
NO FILM! 


ALWAYS UNIFORM .. . 7X 
is a standard laboratory-con- 
trolled detergent . . . strength 
not influenced by local storage 
conditions or variations in mix- 
int procedures. LEAVES NO 
RESIDUE . . . 7X leaves glass- 
ware sparkling clean with no 
trace of salts or sediments. 
OSTS LESS TO USE 
7X can be diluted 10 times 
and more . . . once made, can 

used again and again. 7X 


is completely soluble, no dis- 
solving required . . . a real 
time-saver in the laboratory. 


FREE SAMPLE 


A generous quantity sent 
upon your request. No obli- 
gation. 


7X Detergent is used by lead- 
ing research institutions and 
university laboratories through- 
out the country. Names sent 
upon request. Packed in | gal- 
lon glass bottles. 


LINBRO CHEMICAL CO. 


681 DIXWELL AVE., NEW HAVEN 11, CONN. 


Vlow avatlakle... 


Adenosine Triphosphate (ATP); Amygdalin; Amylase; 
Animal Lecithin; Ascorbic Acid Oxidase; Bacitracin; 
RAL; Biotin, cryst.; Caffeic Acil; Carotene, cryst.; 
Catalase; Cellulase Chlorogenic Acid; Chorionic 
Gonadotropin; Circulatory Hormone; Colchicine; Cy- 
tidylic Acid; Cytochrome C; Dehydroascorbic Acid; 
Diacetonamine; Dihydroxyacetone; Dihydroxyphenyla- 
lanine (DOPA); Dipyridyl; Edestin; Emulsin; Ery- 
thritol; N-Ethylpiperidine; Fibroin; Folic Acid; 
Galacturonic Acid; Gentisic Acid; Girard Reagents P 
and T; Gliadin; Glucose Pentaacetate; Glucuronic 
Acid; Glyceraldehyde; Glyceric Acid; Heparin; Horde- 
nine; Hyaluronidase; Hydrindene; 2-Hydroxyadipalde- 
hyde; Humulon; Indan; Isoascorbic Acid; Isopropyl- 
arterenol; Kojic Acid; Kynurenic Acid; Lanthionine; 
Lipase; Lysozyme; Lyxose; Malononitrile; Maltase; 
Melezitose; Mesobilirubinogen; Muscle Adenylic Acid; 
p-Nitrophenylphosphate; Nucleoprotein; Orcinol; Pan- 
creatin; Pantotheny! Alcohol; Penicillinase; Peroxidase ; 
Phenazine; Phenylpyruvic Acid; Phloridzin; Phosphory- 
lase; Piperin; Porphyrindine; Protamines; Protoporphy- 
rin; Pyridoxal; Pyridoxamine; Pyrocatechuic Acid; 
Pyruvic Aldehyde; Ribonuclease; Saccharic Acid; Sal- 
mine; Serine Phosphoric Acid; Spermidine; Spermine; 
Thioacetic Acid; Thiocytosine ; Thyroxine; Trigonelline; 
Triphenyltetrazolium Chloride; Tripyridyl; Trypsino- 
gen; Tyrosinase; Tyrothricin; Urease; Uricase; Uri- 
dine; Vitellin; Xanthosine. 


Ask us for others! 


DELTA CHEMICAL WORKS, ~ 


23 West 60th St. New York 23,N.Y 
Telephone Plaza 7 -6317 
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LOOK INTO THE 
NEW 


STEREO-BINOCULAR 


MICROSCOPE 


It's new... modern... up-to-the-minute! It’s stream- 
lined . . . sturdy ... packed with new features! 


One... inclined binocular body tube and adijust- 
able interpupillary distance for more comfortable 
viewing. 


Two. . . new, improved prism system in stereo tube 
for better image quality. 

Three. . . new rapid-changing device for three 
objectives. 

Four. . . objectives protected from damage by new 
type mountings. 
Five... binocular body can be rotated through 
360 degrees for use with offset arm stand. 


Six... redesigned bearing and special steel slid- 
ing surfaces insure long trouble-free performance. 


Seven... large, 60mm diameter mirror, adjust- 
able for any desired viewing effect. 

Eight. . . stand of new design with removable 
stage plate for examining specimens of all sizes. 
Nine... special reflected-light illuminators. 


Ten... focusing adjustment moving surfaces are 
large to insure accurate focus. And many more! 


Your Leitz dealer will be glad to show you this 
modern new Leitz Stereo-Binocular Microscope. 
Call him soon. 


E. LEITZ, INC., 468 Fourth Avenue, New York 16, N.Y. 
Distributor of world-famous products of Ernst Leitz, Wetzlar, Germany 
Cameras + Lenses - Microscopes - Binoculars 


January 1, 1954 
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SOVIET SCIENCE 


2nd Printing June 1953 
a publication of the 


AMERICAN ASSOCIATION for the ADVANCEMENT of SCIENCE 


CONTENTS 
Russian Genetics Theodosius Dobzhansky Department of Zoology 
Columbia University 
Russian Physiology and Pathology W. Horsley Gantt School of Medicine 
Johns Hopkins University 
Russian Psychology and Psychiatry Ivan D. London Russian Research Ctnter 
Harvard University 
Scientific Method and Social Science: Russell L. Ackoff Department of Engineering 
East and West Administration 
Case Institute of Technology 
Russian Contribution to Soil Science J. S. Joffe New Jersey Agricultural 
Experiment Station 
Rutgers University 
Soviet Physics and Chemistry John Turkevich Frick Chemical Laboratory 
Princeton University 
Soviet Mathematics J. R. Kline Department of Mathematics 
University of Pennsylvania 
Science and Intellectual Freedom Lazar Volin Office of Foreign Agricultural 
in Russia Relations 
U. S. Department of Agriculture 
An Appraisal of Science in the USSR Conway Zirkle Botanical Laboratory 


University of Pennsylvania 


Symposium at the 1951 AAAS Meeting at Philadelphia, published November 1952. 
6x9 inches, clothbound, 115 pages, price $1.25. 
Orders for 10 or more copies $1.00 per copy. 


Combination order price $3.00 for both Soviet Science and Industrial Science. 


Mail your order now 


TO: AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N. W. 
Washington 5, D. C. 


Please accept my order for the items indicated below. My check or money order in the amount of 


copies of Industrial Science 
—Present and Future. 
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8-102 
8-103 
S-104 
S-106 
8-111 


HIGH 
RADIOPURITY 


REGULARLY AVAILABLE COMPOUNDS 


@ Purines and pyrimi- @ Maleic anhydride and 


dines related comps. 
@ Alcohols and alkyl @ Glycerol 

halides @ Hydrocarbons 
@ Fatty Acids and De- @ Amino acids 

rivatives @ Formaldehyde 


CATALOG SHEETS ON REQUEST 


Isotopes and Compounds for Medical Use 
Calibration Sources and Absorbers 

C-14 Tagged Compounds 

Film Badge Service 


High Activity Sources and Handling Equip- 
ment 


ISOTOPES SPECIALTIES CO., INC. 


3816 S. SAN FERNANDO ROAD 
GLENDALE 4, CALIFORNIA 


KONISAMPLER 


(pat. pend.) 


or 
ACCURATE DUST SAMPLING 


Special Features 
Employs principle of thermal precipitation 
Light weight—quiet—all electric 
Automatic timer—will operate continuously 
Secures samples suitable for microscopic, elec- 
tron microscopic or visual examination and 
for permanent records on standard glass slides. 
Cost (complete) 25. 

Send for descriptive brochure K-I 


Outline your particular problem 


Joseph B. Ficklen III 


1848 East Mountain St. Pasadena 7, California 


January 1, 1954 
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applying the new skills of atomic 
\ de elop ent and design 
—— " process instrumentation 
| Company information booklet on request: 
| =. NUCLEAR DEVELOPMENT ASSOCIATES, INC: | 
| = 


International 
Refrigerated 
‘Centrifuge 


INTERNATIONAL EQUIPMENT COMPANY 


1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. | 
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HE ney, Mode} Offer, the SCientigs Seats, 
Capac; ty, high er lowe, and Teate, Versa. 
tility than ©ver before With this type of 
These are Made Possibi, by the USe of Sleey. Type 
of Steg) Which Crease. Suarg bow) diam. 
Cter and lowers Powe, The Sealeg 
Unit is and tres Pertormar, fea. 
tures ing] Ude: 
hy Seve, Horizonts) Swingi, ing Head, for tubes and bottle, from 
609 ml, “8Pacity Maximus, liquig load, 2400 ml. at 
Fourtes, ow 1 Ml. to 135 ml, APacity 
Two Head, for 7 Ml. 25 mj tubes at 25,000 » G. 
Centrig, Juarg bow) to Can 
be Maintained at for Periods 
The Mode) PR.2 "Places the forme, Mode} PR.} and orate, 
the features Of its Predecess.> The 
Many <dvantages Of the Mode} PR.2 are Provided Withous increase 
in price the forme, Mode] The New Mode) PR.2 has been 
in Production for S@vera) ™MOnths and i, being SUPPlieg gy 
‘ ] Orders 2Ow on Our books for the PR.) 
grompt deliver, is ®Vailable from Your Taboratcr, APParaty, 
UDPp, y Deale, 
Write us today for New Bullet, P.j 954. 
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MAGNETIC 
STIRRER 


e NEW model with enclosed 
rheostat 


e NEW Kel-F coated 
Magnetic Stirring Bars 


MAGNETIC STIRRING APPARATUS, 
A.H.T. Co. Specification. A compact, quiet-run- 
ning apparatus which utilizes a rotating field of 
magnetic force to induce variable speed stirring 
action within either closed or open vessels. Now 
‘offered with enclosed rheostat, which will facili- A 
tate manipulation in some assemblies, in addi- 
tion to the separate rheostat model described on | 
page 1123 of our catalogue. S 
Stirring is accomplished by means of a small 
magnetized bar, sealed either in heavy wall Pyrex a 
brand glass or in Kel-F plastic, which is placed “RK. ng Apparatus, Magnetic, gina el, 
in the liquid to be stirred and which is rotated by mag- 4-4.T. to 
netic force applied beneath the container. This force Stiering eg yl 
consists of a permanent bar magnet attached to the B : ; 38.50 
shaft of an electric motor and mounted in an aluminum ~ °°" 
housing with flat top 4% inches diameter and 4% 9235-5. Ditto, but without Stirring Bars ...... 33.40 
inches high, on cast metal base. Can be used either on 


the table or on a support rod, attached by means of a STIRRING BARS, MAGNETIZED, Kel-F Coated, 


clamp with swivel joints. Vacuum Tested, A.H.T. Co. Specification, for use with 

Suitable for any stirring operation which involves above Magnetic Stirrers. Consisting of permanent mag- 
1 ml to 1 liter of liquids with viscosities up to that of a net sealed in durable shell of Kel-F. This noninflam- 
50% glycerol solution. Particularly convenient for use in mable thermoplastic is suitable for use at temperatures 
closed systems. F to + 200° C., and is unaffected by acids, including 


concentrated hydrofluoric and fuming nitric acids, 
aqua regia and other powerful oxidizing agents, con- 


9235-C. Stirring Appar2tus, Magnetic, with enclosed centrated alkalies and most organic solvents, but is 


rheostat, A.H.T. Co. Specification, as above described. swelled slightly by highly halogenated materials and 
Rheostat, with graduated dial, is mounted in stirrer 


housi Cc lete with tw tized Stirring B i a 

ousing. Complete wi © magnetize irring Bars, i.e. “a 

one Kel-F coated, %-inch long x V4-inch = Bars, Magnetized, Kel-F Coated, 
other Pyrex brand glass coated, | 34 inches long by 7/16- : , 

inch diameter; also 5 ft. 3-wire connecting cord and con- Overall length, approx. inches 7/8 1-5/8 2 


ventional 2-prong plug cap and directions for use. Power Diameter, approx. inches ... 1/4__ 5/16 3/16 

consumption 7 watts; for 115 volts, 60 cycles, a.c. only. 2.20 2.55 2.75 

Without glass vessel 36.80 10% discount in lots of 12 or more, one size 

9235-G. Ditto, but without Stirring Bars ...... 32.00 rei ls 


A. H.T. co. 


SPECIFICATION 


LABORATORY APPARATUS 


ARTHUR. H. THOMAS COMPANY 
Afparatus and Freagents 


WEST WASHINGTON SQUARE PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 


January 1, 1954 


Q | 
; 
= 9235-C. 
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ATOMIC MEDICINE 


2nd edition 


Edited by Admiral F. Behrens, M.D., 
with 20 expert contributors 


A well-aligned summary of the entire 
field covering everything from the scope 
and general background, design and op- 
eration of laboratories employing radio- 
isotopes, tracer methods in biologic ap- 
plication of radio-isotopes, on through 
the horizons of research in atomic medi- 
cine. A must reference and source for 
everyone from technician to director. 


632 pp., 134 figs. $11.00 


THE WILLIAMS & WILKINS COMPANY 
Mt. Royal and Guilford Aves. Baltimore 2, Md. 


A Whole New Concept .. . 


Vow Available: 


INDEX 
to the 
JOURNAL and PROCEEDINGS 
of the 
WASHINGTON ACADEMY OF SCIENCES 
An index, arranged by author and title, of 
every article, abstract, obituary, and review 
published in these periodicals from 1899 to 
1950, covering all fields of the biological, an- 
thropological, physical, and engineering sci- 
ences. Proceedings, Vols. 1-13, 1899-1911; 
Journal, Vols. 1-40, 1911-1950. 


An invaluable bibliographical tool. 
vi + 268 pages. Cloth Bound. $7.50. 


Order now directly from: 


Harald A. Rehder 


U. S. National Museum 
Smithsonian Institution 


Washington 25, D. C. 


PROGRESS IN THE CHEMISTRY OF ORGANIC NATURAL PRODUCTS 


Just published: VOLUME X ° 


secticides in Higher Plants. 


122 East 55 Street NEW YORK 22 


Edited by Professor L. Zechmeister, California Institute of 
Technology. With contributions in English, French and German. 


Contents: ALDER & SCHUMACHER, Dien-Synthese; MARK, Physical Chemistry of Rubbers; 
ASSELINEAU & LEDERER, Chimie des lipides bacteriens; ROSENKRANZ & SONDHEIMER, 
Syntheses of Cortisone; CHATTERJEE, Rauwolfia Alkaloids; FEINSTEIN & JACOBSON, In- 


Again available: Volumes I-X, 1938-1953, $164.30. All volumes separately. 
Detailed Prospectus on Request. Journal of the American Chemical Society: “. .. Uniformly 
high quality of individual contributions . . . international character . . 


. .. The continuing success of this Series is very gratifying.” 


LANGE, MAXWELL & SPRINGER Inc. 


529 pp. bound . $19.80 


. broad objectives 


LONDON NW 1 242 Marylebone Road 
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RESEARCH 
BIOCHEMICALS 


For 
INVESTIGATIONAL USE 


WRITE FOR 


NEW 
CATALOGUE 


#S 998 


Listing over 900 
Research Biochemicals 


TYPICAL NBCo. PRODUCTS 
AMINO ACIDS 


A complete selection of more than 90 amino 
acids of maximum purity. Including natural L * 
synthetic DL and resolved L and D amino acids. 


NUCLEOPROTEINS - PURINES 
PYRIMIDINES 


Adenosine Triphosphate + Adenine * Adenylic 
Acid * Cozymase * Cytidine * Cytidylic Acid * Cyto- 
sine * Desoxyribonucleic Acid * Fructose and Glu- 
cose Phosphates * Glutathione * Guanine and Salts + 
Guanylic Acid * Hypoxanthine * Inosine * Nucleates 
* Ribose Nucleic Acid * Desoxyribonucleic Acid + 
Ribose * Protamine * Thymine Uracil * Uridine 
* Uridylic Acid * Xanthine * Xanthosine. 


“VITAMIN FREE” CASEIN 
(Hot Alcohol Extracted) 


A valuable source of protein nitrogen of excep- 
tional purity for incorporation into diets to produce 
vitamin deficiencies. 


MISCELLANEOUS BIOCHEMICALS 


Alpha Keto Glutaric Acid * Cytochrome C * 
Glutamine + Dopa * Glycogen * Heparin * Lysozyme 
* Crystalline Vitamins * Crystalline Carbohydrates 
* Fatty Acids * Growth Factor Analogs * Enzymes 
* Biological Test Diets + Alkaloids 


ClLEVELAN 


January 1, 1954 


GLASS ABSORPTION 
CELLS KLETT 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers -—- Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 


179 East 87 Street, New York, New York 


Badio- 
Active 


STEROIDS 


IMMEDIATELY 14 
ESTRONE 16-C 
2.7 microcuries 


Price per mg. $50.00 


ESTRADIOL 16-C“ 
Activity per mg. 
2.7 microcuries 
Price per mg. $65.00 
PROGESTERONE 


Activity per mg. 


Statement of your 
government depart- 
ment dealing with 


eats Form No. 2.25 microcuries 
filed Sue cock Price per mg. $40.00 
DESOXYCORTICOSTERONE 
Fer these ACETATE 21-C* 
and other Activity per mg. 
information, 2.25 microcuries 
write to: Price per mg. $40.00 
Charles &.Frosst &Co. . . . 
PHARMACEUTICAL ond CHEMICAL P.O. BOX 247 
MANUFACTURERS MONTREAL, CANADA 
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Outstanding 


McGRAW-HILL BOOKS 


in the new series 


a br of Monographs 


SIGNAL, NOISE, AND RESOLUTION IN 
NUCLEAR COUNTER AMPLIFIERS 


By A. B. GILLESPIE, Atomic Energy Research Es- 
tablishment, Harwell, England. 155 pages, $4.50 


Centering on factors which determine the signal to 
noise ratio and resolution in nuclear counter ampli- 
fiers, this is the first comprehensive and concise ac- 
count of the subject presented in a single volume. 
Written from the author’s actual experience and work, 
it includes much theoretical and experimental data 
heretofore unpublished. 


SCINTILLATION COUNTERS 


J. B. Brrxs, Rhodes University, South Africa. 148 
pages, $4.50 


This first book of its kind is a complete review of 
the most important and versatile instrument in mod- 
ern nuclear research, of value to graduate students 
and research workers in nuclear physics, physical 
chemistry, organic chemistry, and medicine as well as 
of importance for many industrial, agricultural, bio- 
logical, and other applications of radio-isotopes. All 
factors influencing the performance and use of scin- 
tillation counters are discussed in detail. 


PHYSICS AND APPLICATION OF 
SECONDARY ELECTRON EMISSION 


By H. BRUINING, Philips Research Laboratories, 
Eindhoven, Netherlands. In press 


The book treats the phenomenon of secondary elec- 
tron emission, the emission of electrons by solid sub- 
stances, resulting from the impact of electrons. Since 
electron multiplication can be obtained, the phenome- 
non is most important from a technical view: the ap- 
plications are of considerable significance in elec- 
tron tubes for radio and television. The book is of 
value to communication engineers and physicists in 
universities and in industrial research. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street - New York 36, N. Y. 
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Meetings & Conferences 


January 

18—23. Pakistan Science Cong., 6th annual, Karachi. (Dr. 
Karimullah, Deputy Director of Industries, Punjab, 
Lahore, Pakistan. ) 

19-22, American Inst. of Electrical Engineers, winter gen- 
eral, New York City. (H. H. Henline, 33 W. 39 St., New 
York 18.) 

#2. Publie Health Workshop on Dental Care in Industry, 
2nd, New York City. (A. J. Asgis, 7 E. 42 St., New 
York 17.) 

23-28, American Meteorological Soc., New York City. 
(K. C. Spengler, 3 Joy St., Boston 8, Mass.) 

25-27. American Soc. of Heating and Ventilating Engi- 
gineers, 60th annual, Houston, Tex. (A. V. Hutchinson, 
62 Worth St., New York 13.) 

25-27. Conf. on High Energy Nuclear Physics, 4th annual, 
Rochester, N.Y. (R. E. Marshak, Dept. of Physics, 
Univ. of Rochester.) 

25-29. Inst. of the Aeronautical Sciences, annual, New 
York City. (S. P. Johnston, 2 E. 64 St., New York 21.) 

28. American Federation for Clinical Research, annual, 
Portland, Ore, (I. S. Edelman, San Francisco Hospital, 
San Francisco 10, Calif.) 

28-30. American Physical Soc., New York City. (K. K. 
Darrow, Columbia Univ., New York 21.) 

28-30, American Assoc. of Physics Teachers, New York 
City. (R. F. Paton, Univ. of Illinois, Urbana.) 

28-30. High Speed Computer Conf., Baton Rouge, La. 
(L. Megginson, Louisiana State Univ., Baton Rouge.) 

29-30. American Geophysical Union, Los Angeles, Calif. 
(J. P. Marble, 3221 Macomb St., NW, Washington, 8, 
D.C.) 

29-30. Conf. on Protein Metabolism, 10th, New Bruns- 
wick, N.J. (W. H. Cole, Rutgers Univ., New Bruns- 
wick. ) 

29-30. Western Soc. for Clinical Research, 7th annual, 
Portland, Ore. (H. N. Hultgren, Stanford Hospital, 
San Francisco 15, Calif.) 


February 
1—5. American Soc. for Testing Materials, Spring, Wash- 
ington, D.C. (R. J. Painter, 1916 Race St., Philadel- 
phia 3, Pa.) 

. Instrument Soc. of America, Regional Conference, 9th 
annual, New York City. (L. Butzman, 103 Park Ave., 
New York, N.Y. 

é-6. American Soc. for Quality Control, Textile Quality 
Control Conf., 4th: annual, Raleigh, N.C. (D. Shainin 
70 E. 45 St., New York, N.Y.) 

4-6. Inst. of Radio Engineers Conf. and Electronic Show, 
Tulsa, Okla. (D. R. Davis, P.O. Box 7221, Tulsa.) 

5-6. Chicago Ophthalmology Soe., annual clinical, Chi- 
eago, Dll. (F. W. Newell, 950 E. 59 St., Chieago 37.) 

7. Assoc.,for Research in Ophthalmology, Midwest Section 
annual, Chicago, Ill. (F. W. Newell, 950 E. 59 St., Chi- 
eago 37.) 

8-9. Conf. on Marine Corrosion Problems, Berkeley, Calif. 
(Dept. of Conferences and Special Activities, Univ. of 
California, Berkeley.) 

13-14. American Educational Research Assoc., Atlantic 
City, N.J. (F. W. Hubbard, 1201 16 St., NW, Wash- 
ington, D.C.) 

14-16. National Soc. of College Teachers of Education, 
Atlantie City, N.J. (C. E. Eggertsen, School of Edu- 
cation, Univ. of Michigan, Ann Arbor.) 


Science, Vol. 119 


— 


| 
| 
| i} 
| 
| | 
| 
| 
| 
4 
| 
| 
| 
| 
| 
a | 
| 
| 
| 
| 
| 
4 


The first book on 


upper-air research 
with rockets 


HIGH ALTITUDE 
ROCKET RESEARCH 


By HOMER E. NEWELL, Jr. 
Head, Rocket-Sonde Research Branch 
Naval Research Laboratory 
Washington, D. C. 


December 1953, xiv, 298 pages, 37 tables, 
93 figures, $7.50 


This book describes the use of rockets for 
studying 

e Ionosphere 

e Earth’s magnetic field 

e Solar radiation 

e Cosmic rays 

e Atmosphere 


For each subject, sufficient background infor- 
mation is provided so that the reader can fully 
understand the experiments and appreciate 
their significance. Research and instrumenta- 
tion techniques as well as experimental diffi- 
culties peculiar to rockets are surveyed. 


Dr. Newell describes the WAC Corporal, 
V-2, Aerobee, and Viking rockets and lists all 
the upper-air research firings conducted by 
United States agencies from early 1946 to 
December 31, 1952. 


Contents: Introduction—The Rocket as a Re- 
search Vehicle—Recovery of Data—Pressures, 
Densities, and Temperatures in the Upper At- 
mosphere—Winds in the Upper Atmosphere— 
Rocket Measurements of Solar Radiation— 
Composition of the High Atmosphere—The 
lonosphere and the Earth’s Magnetic Field— 
Cosmic Rays—High-Altitude Photography— 
Author Index—Subject Index. 


Academic Press Inc., Publishers 
125 East 23 Street, New York 10, N. Y. 


there 
must be 
a reason 


ed fort ohoratory 
oe 


Gro'vs one 


& COMPANY, 
ane 


Street. New 


Here are eight 
distinct reasons 
why Haemo-Sol 
is the preferred 
cleaner for labora- 
tory glassware. 


Completely Soluble 

* Leaves No Residue 

* Fully Haemo-Digestive 

* Lower Surface Tension 

* Scientifically Formulated 
* Controlled pH 

* Multiple Laboratory Uses 
* Greater Economy 


for literature and samples 
write today to: 


MEINECKE & COMPANY, INC. 


225 Varick St. 


New York 14, N. Y. 


Manufacturers of Custom-Built 
Laboratory Equipment 


The CSI-High Speed Angle Centrifuge is built for 
maximum flexibility, continuous operation and ease 
of sterilization. Speed—1| 3,000-14,000 RPM. 


Custom Scientific Instruments, Inc. 
541-543 Devon St., Arlington, New Jersey 


Dry Ice Storage 
Cabinets were de- 
signed for storing 
vaccines, viruses, 
drugs, other bio- 
logicals and phar- 
maceuticals requir- 
ing very low tem- 
perature for pres- 
ervation. 


January 1, 1954 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
and research foundations in 
76 foreign countries —- at a very low cost 
ean, 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as i0 additional words. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 


7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


POSITIONS WANTED 


Entomologist, Ph.D., 4 years research, 2 years teaching. Now with 
Resa . Desires teaching and/or research position. Box 


German Scientist, pathologist, M.D.; 32, married, child; 5 years 
university, experienced research worker; biophysics, optical micro- 
methods, proteins, inflammation, cancer research; able writer, 
numerous publications, teaching experience; desires full time 
research position. Box 3, SCIENCE 


Parasitologist: Ph.D. zoology; minor biochemistry; 6 years  re- 
search assistant, medical; one year research associate, tropical, 
presently chief parasitologist, major pharmaceutical company, de- 
sires same or research associate, industrial, university, research, 
any locality. Science Division, Woodward Medical Bureau, 185 
North Wabash, Chicago. 


Physical Chemist, Ph.D. Desires position medical research, pharma- 
ceutical, electrochemical industry. 5 years professor. Research, 
consultant, electrochemistry, biophysics. Publications. Box 1, 
SCIENCE 


Pharmacologist; Ph.D.; nine years’ teaching and research, small 
university; three years, director, pharmacological research, state 
laboratory. Science Division, Medical Bureau (Burneice Larson, 
Director) Palmolive Building, Chicago. 


POstTIONS OPEN 


Biochemist: Ph.D., M.S., supervise chemistry department, 300 bed 
hospital university city , East. Science Division, Woodward Medical 
Bureau, 185 North Wabash, Chicago. x 


Chemistry Department Head. Small, eastern Protestant college has 
retirement-caused opening in three- -man department. Ph.D., age 
40-45, man teaching only; no 


POSITIONS OPEN 


(a) Physician to serve as associate director of research; preferably 
one interested in field of nutrition and teaching. (b) Pharma- 
cologist experienced pharmacological investigation; pharmaceutical 
laboratories; Midwest. (c) Physicist particularly interested in 
radiation therapy dosage; department of radiology, 700-bed teach- 
ing hospital. (d) Associate rofessor, physiology; experience in 
teaching mammalian physiology desirable; university medical 
school, (e) Psychologist, Ph.D., for psychological testing, capable 
of developing training program for psychology interms; private in- 
stitution, university medical center. (f) Bacteriologist—biochemist, 
qualified to do 17-ketosteroids, other advanced work; 300-bed 
eneral hospital; resort city, Southwest. (g) Clinical biochemist ; 
h.D., qualified take charge division; fairly large hospital; $6000. 
$1-1 Science Division, Medical Bureau (Burneice Larson, Direc- 
tor) Palmolive Building, Chicago. 


—The MARKET PLACE— 
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Books AND 


WANTED TO PURCHASE .. . runs, 
PERIODICALS domestic. ntire 

braries and smaller 

SCIENTIFI and BOOKS collections wanted. 
WALTER Jj. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


session. Box 4, SCIEN x 


Chemist—Librarian. Wanted, to assume responsibility for smooth 
functioning of 20,000 volume research library and to edit weekly 
abstract bulletin. Scientific background and library administrative 
experience are required. Send personal resume to Dr. A. C. Moore, 
Research Dept., Parke, Davis and Co., P. O. Box 118, R. P. 
Annex, Detroit 32, Michigan. 12/4, 18; 1/1, 15, 29 


The University of Liverpool. Applications are invited for I.C.1. 
Research Fellowships in Physics, Chemistry, Engineering, Metal- 
lurgy, and Pharmacology, or any related subject, to which some 
appointments may be made conng the current academic year. The 
appointments will date from 1 October, 1954 (or earlier in the 
case of selected candidates who may be available before that 
date). The salary will depend upon qualifications and experience, 
but will normally be within the range £600-£900 per annum, 
together with F.S.S.U. benefits and family allowances. Applica- 
tions (three copies), with a list of publications and the names of 
two referees, should be received not later than Ist. March, 1954, 
by the undersigned, from whom further particulars may be stained. 
Candidates overseas, who find it more convenient to do so, ma 
send one copy only by air-mail.) Stanley Dumbell, Registrar. x 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries — “Nhs and runs — Single titles 
Please send us your want list 
STECHERT ~- HAFNER, INC. 31 East 10th St., New York 3 
The World’s Leading International Booksellers 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you oe ANNER. IN to oat 
at high market prices. Write Dept. A3S 7°s. 

Boston 


number of satisfied advertisers using small-space larly in 


every issue of SCIENCE— proof thet these ads get 
results! If you have a product or service of interest to scientists, 
why not cle ebenmange of this low-cost means of increasing your 


profits! , 
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| PROFESSIONAL SERVICES 


FOOD RESEARCH 
LABORATORIES, INC. 


Founded 1922 
Philip B. Hawk, Ph.D., President 
Bernord L. Oser, Ph.D., Director 
Research » Analyses Consultation 
Bioclogicol, Nutritional, Toxicological Studies 
for the Food, Drug and Allied industries 
48-14 33rd Street, Long Island City 1, N.Y. 


@ CONSULTATION 


——e ANALYSES 


The Archbold 
Biological Siation, Route 1, Lake Placid, 


Florida, offers laboratory and field facilities and 
living accommodations at nominal rates to individ- 
uals with acceptable programs of research. An 
informational booklet will be sent upon request. 


LaWall & Harrisson 
Div. S, 1921 Walnut St., Philadelphia 3, Pa. 


ANALYSES - CONSULTATION - RESEARCH 


LOOKING FOR A PUBLISHER? 


Write for Booklet sc we can 
your book. 


VANTAGE e 120 W. St. York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 2 


(PAF) 


RATS 


Bred for Research Work bao Research Workers 
PACIFIC ANIMAL FARMS 
2457 Fletcher Dr., Los Angeles 39, Calif. 


STAINS _ 


STARKMAN Biological Laboratory 


BEAGLES 


a — AKC Registered — Immunized 
5 to $50 F.0.B. Ithaca 
J. FATULA — Dog Farm — RR1 — Ithaca, N. Y. 


CONSULTATION 
RESEARCH 


SOUTH SHORE 


ANALYTICAL AND RESEARCH LABORATORY, Inc. 
148 ISLIP AVE. SLIP, N. Y. 


Projéct research and consultation in 
Biochemistry, Chemistry, Bacteriology 
and Entomology 


Screening of compounds for insecticidal, fungi- 
cidal and bactericidal properties * Biological 
evaluation and chemical determination of insec- 
ticides ¢ Peet-Grady and C.S.M.A. aerosol tests 
Warfarin assays 

Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059 e MADISON 1, WISCONSIN 


January 1, 1954 


Biological Research Microscope, Hensoldt-Wetzlar 1949, practically 

new, 3,000 magnification, monocular, 4 nose pieces, micro and 

swing stage, mirror, untra microscope, darkfield attachment, case. 

ve $350.00. Sandor, 67-34 Selfridge Street, Forest Hills, New . 
ork. 


SPRAGUE-DAWLEY, INC. 


Pioneers in the development of the 


STANDARD LABORATORY RAT 


Our new modern colony building just completed 
soon will double our present production. 

The new colony building contains every device to 
insure continuous production and shipment of 
guaranteed Sprague-Dawley strain white rats. 
Limited shipments of males from the new colony 
will be available about March 15, 1954. 
Increased orders from our present customers and 
orders from new customers will be accepted as pro- 
duction builds up. 

OUR PLEDGE: Our insistence on the highest pos- 
sible quality will never be sacrificed to quantity. 


SPRAGUE-DAWLEY, INC. asin 
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Food Ingredient & New Drug Studies Toronto 
4 BIOLOGIC ASSAYS _ 
cteriologists 
ROBIOLOS 
| 
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| 
LABORATORY SERVICES 
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SUPPLIES AND EQuIPMeENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
8 Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 


13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in | year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


eee eee 8 
RARE MONOMERS 
e Vinyl Esters, Acrylyl and Methacrylyl Chlorides, Ethyl- 
enmines, Allyl Esters, Vinyl Halides, 4-Chlorostyrene, 
300 other monomers. Write for 
ist 


MONOMER-POLYMER 


INCORPORATED © LEOMINSTER, MASS 


a MANOR FARMS 
SMALL STOCK DIETS 


for Mice and Rats 
STANDARDIZED, FIXED FORMULAS 
For prices & special quantity discounts write to 
CAMP MILLING CO., Walton, N. Y. 


~ Manufacturers & Distributors 4 


MOIS-TEC RG 


A new reagent for low concentrations of water, 
with possibilities of usefulness in many fields. 
Write for Data Sheet RG-S 
R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York, N. Y. 


TACONIC FARMS 


Germantown, N. Y. 
Germantown 3535 


Swiss Mice 
@ Webster Strain 4 


NEW AND USED SCIENTIFIC EQUIPMENT @ @ @ 

, Refractometers, Colorimeters, Microprojectors, Balances, Photo- 
micrographic Apparatus, Microtomes etc. ete. Rebuilt instruments uncondi- 
tlonally guaranteed. Liberal trade-in allowance or cash for your old equipment. 

Ask for latest list of used equipment 
122 Golden ve.—San 2—Calif. 


rancisco 
MAKERS OF THE FAMOUS “Tie ILLUMINATOR” 


SUPPLIES AND EQUIPMENT 


TRUESDAIL Rogerw. Applied 
ruesdail,Ph.D, Research 
Laboratories, Inc. president | 
Write for Brochure-4101 N. Figueroa St. CEP. Jeffreys, 
Los Angeles 65, Calif. CApitol | Analyses 
Testin 
CHEMISTS BACTERIOLOGISTS EnvtNEERS 


HOLTZMAN RAT CO. 


producing a 
HIGH QUALITY WHITE RAT 
for laboratory use. 
R.4, Badger Lane, Madison 5, Wisc. 


Tel. 6-5573 


CARBON 14 COMPOUNDS 
SYNTHESIZED TO ORDER 
Reasonable rates, Purity guaranteed 


Precision Laboratories 


Room 310 4554 N. Broadway, Chicago 40, III, 


All AMINO ACID — 


etic, 

Rare Sugars, Biochemical "Prodict, Reagents, New 
ceuticals in stock. Write phone PLaza 

7-8171 ter complete price list. 


BIOS LABORATORIES, INC. 17. West Street, 


New York 23, N. Y. 


DON’T BE SORRY 


Only best quality amino acids, biochemical 
reagents, — and microbiological assay media 
give satisfactory results in research 

H. M. CHEMICAL CO. LTD. 
1651-18th Street Santa Monica, Calif. 


HYPOPHYSECTOMIZED RATS 


Ship; to all points via Air Express 
‘or further information write 

e 8159 South Spaulding Ave. 
Chicago 29, Ill. 


HORMONE ASSAY LABORATORIES, Inc. 


43 replies!! 


Within ten days 43 replies were received to a 
single “Box Number” ad in the Personnel Place- 
ment section of SCIENCE. Your own ad, here, will 
produce prompt results, at a minimum cost. Send 
your “copy”, now. 
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